
(12) United States Patent 
to et al. 

US0074.02732B2 

US 7.402,732 B2 
Jul. 22, 2008 

(10) Patent No.: 
(45) Date of Patent: 

(54) PARAQUAT RESISTANCE GENE ANDA 
VASCULARTISSUE-AND 
TRICHOME-SPECIFIC PROMOTER 

(75) Inventors: Hisashi Ito, Kurashiki (JP); Yoshikazu 
Tanaka, Tsuruga (JP); Kenichi Ogawa, 
Okayama (JP); Satoshi Kondo, Aichi 
(JP); Chikara Ohto, Toyota (JP); Iwao 
Furusawa, Kyoto (JP) 

(73) Assignees: Toyota Jidosha Kabushiki Kaisha, 
Aichi (JP): Okayama Prefecture, 
Okayama (JP) 

(*) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 300 days. 

(21) Appl. No.: 10/937,710 

(22) Filed: Sep. 10, 2004 

(65) Prior Publication Data 

US 2005/0091711 A1 Apr. 28, 2005 

(30) Foreign Application Priority Data 
Sep. 12, 2003 (JP) ............................. 2003-322O51 

(51) Int. Cl. 
C2H 5/82 (2006.01) 

(52) U.S. Cl. ...................................................... 8OO/278 
(58) Field of Classification Search ....................... None 

See application file for complete search history. 
(56) References Cited 

U.S. PATENT DOCUMENTS 

5,538,878 A 7, 1996 Thomas et al. 
6,310,272 B1 10/2001 Ohashi et al. 

2001/0039670 A1* 11/2001 Deak et al. .................. 800,279 

FOREIGN PATENT DOCUMENTS 

EP O 864 650 9, 1998 
EP 1033 405 9, 2000 
EP 1033405 A2 * 9, 2000 
JP 3-32358 5, 1991 
JP T-12312 2, 1995 
JP 7-14349 2, 1995 
JP 10-309142 11, 1998 
JP 2000-23583 1, 2000 
JP 2001-95.585 4/2001 
JP 2001-5.19671 10, 2001 
JP 2001-5234.66 11, 2001 
JP 3331367 B2 T 2002 
JP 2002-281979 10, 2002 
JP 2002-30O822 10, 2002 
WO WOO1 O7592 2, 2001 
WO WOO1?2O008 3, 2001 

OTHER PUBLICATIONS 

Bowie et al 1990, Science 247: 1306-1310.* 
Lazaret al 1988, Mol. Cell. Biol. 8:1247-1252.* 
Broun et al 1998, Science 282:1315-1317.* 

Shaaltiel Y., et al., “Multienzyme Oxygen Radical Detoxifying Sys 
tem Correlated With Paraquat Resistance in Conyza bonariensis”. 
Pesticide Biochemistry and Physiology, 26, pp. 22-28, (1986). 
Shaaltiel Y., et al., “Dominant Pleiotropy Controls Enzymes Co 
Segregating With Paracquat Resistance in Conyza bonariensis'. 
Theor. Appl. Genet., 75, pp. 850-856, (1988). 
Jansen M.A.K. et al., “Increased Tolerance to Photoinhibitory Light 
in Paraquat-Resistant Conyza bonariensis Measured by 
Photoacoustic Spectroscopy and 'CO-Fixation”, Plant Physiol. 
91, pp. 1174-1178, (1989). 
Amsellem Z. et al., “Developmental Variability of Photooxidative 
Stress Tolerance in Paraquat-Resistant Conyza'. Plant Physiol., 103, 
pp. 1097-1106, (1993). 
Aono M. et al., “Decrease in Activity of Glutathione Reductase 
Enhances Paracquat Sensitivity in Transgenic Nicotiana tabacum', 
Plant Physiol., 107, pp. 645-648, (1995). 
Miyagawa Y. et al., “Evaluation of the Defense System in 
Chloroplasts to Photooxidative Stress Caused by Paraquat Using 
Transgenic Tobacco Plants Expressing Catalase From Escherichia 
coli, Plant Cell Physiol. 41(3), pp. 311-320, (2000). 
Deak M. et al., “Plants Ectopically Expressing the Iron-Binding 
Protein, Ferritin, Are Tolerant to Oxidative Damage and Pathogens', 
Nature Biotechnology, 17, pp. 192-196, (1999). 
Tanaka K. et al., “Stress Tolerance of Transgenic Nicotiana tabacum 
with Enhanced Activities of Glutathione Reductase and Superoxide 
Dismutase'. Biochemical Society Transactions, 24, 200S, (1996). 
Aono M. et al., “Paracquat Tolerance of Transgenic Nicotiana 
tabacum With Enhanced Activities of Glutathione Reductase and 
Superoxide Dismutase'. Plant Cell Physiol. 36(8), pp. 1687-1691, 
(1995). 
Gupta A.S. et al., "Increased Resistance to Oxidative Stress in 
Transgenic Plants That Overexpress Chloroplastic Cu/Zn 
Superoxide Dismutase'. Proc. Natl. Acad. Sci. USA, 90, pp. 1629 
1633, (1993). 
Wang E. et al., “Isolation and Characterization of the CYP71D16 
Trichome-Specific Promoter from Nicotiana tabacum L.”,Journal of 
Experimental Botany, 53(376), pp. 1891-1897, (2002). 
Szymanski D.B. et al., “Control of GL2 Expression in Arabidopsis 
Leaves and Trichomes'. Development, 125, pp. 1161-1171. (1998). 
Database EMBL (Online), “Arabidopsis thalianaclone 122632 
mRNA, complete sequence.” created Jun. 14, 2002; Last Updated 
Apr. 15, 2003: Accession No. AY084949. 
Database EMBL (Online), “Arabidopsis thalianaDNA chromosome 
4, contig fragment No. 73.” created Mar. 16, 2000; last updated Mar. 
16, 2000; Accession No. AL 161577. 
Database WPI/Derwent: “Paraquat Resistant Gene and a Plasmid 
Vector Comprising it for Screening for a Transformed Plant.” 
Abstract only. 
Noji et al.; "Cysteine Synthase Overexpression in Tobacco Confers 
Tolerance to Sulfur-Containing Environmental Pollutants.” Plant 
Physiology, Jul. 2001, 126:973-980. 

(Continued) 
Primary Examiner David H Kruse 
(74) Attorney, Agent, or Firm—Finnegan, Henderson, 
Farabow, Garrett & Dunner, LLP 

(57) ABSTRACT 

A paraquat resistance gene and a vascular tissue- and tri 
chome-specific promoter are provided. The paraquat resis 
tance gene and the vascular tissue- and trichome-specific 
promoter are isolated by identifying and analyzing genes of 
Arabidopsis thaliana. 

15 Claims, 5 Drawing Sheets 
(5 of 5 Drawing Sheet(s) Filed in Color) 



US 7,402.732 B2 
Page 2 

OTHER PUBLICATIONS 

Partial International Search Report for EP 0402 1478, dated Jan. 3. 
2005 (5 pages). 
Database EMBL (Online), “Arabidopsis thalianaDNA chromosome 
4, contig fragment No. 73.” created Mar. 16, 2000; last updated Mar. 
16, 2000; Accession No. ATCHRIV73. 
Database EMBL (Online), “Arabidopsis thalianaBACF 17123.” cre 
ated Jun. 23, 1999; last updated Jun. 23, 1999; Accession No. 
AF16O182. 

Hermann et al., “Promoters derived banana bunchy top virus-associ 
ated components S1 and S2 drive transgene expression in both 
tobacco and banana.” Plant Cell Rep. 20: 642-646 (2001). 
Klotz et al., “Expression of the tobacco anionic peroxidase gene is 
tissue-specific and developmentally regulated.” Plant Molecular 
Biology, 36:509-520 (1998). 
Rouse et al., “Promoter and expression studies on an Arabidopsis 
thaliana dehydrin gene.” FEBS Letters, 381: 252-256 (1996). 
European Search Report for EP 0402 1478, dated Mar. 21, 2005 (7 
pages). 
* cited by examiner 



U.S. Patent Jul. 22, 2008 Sheet 1 of 5 US 7.402.732 B2 

FIG. 1 

NON-TRANSFORMANT 

RANSFORMAN 

  



US 7.402.732 B2 Sheet 2 of 5 Jul. 22, 2008 U.S. Patent 

NON-TRANSFORMAN" 

388ts; is: 

  

  

  

  



U.S. Patent Jul. 22, 2008 Sheet 3 of 5 US 7.402.732 B2 

F.G. 3 

  



U.S. Patent Jul. 22, 2008 Sheet 4 of 5 US 7.402.732 B2 

FG, 4. 

& 
S 

» 
& 

: 

  



U.S. Patent Jul. 22, 2008 Sheet 5 of 5 US 7.402.732 B2 

w8s(xilar tissue 

  



US 7,402,732 B2 
1. 

PARAQUAT RESISTANCE GENE ANDA 
VASCULARTISSUE-AND 

TRICHOME-SPECIFIC PROMOTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a paraquat resistance gene 

imparting paraquat resistance and a vascular tissue- and tri 
chome-specific promoter. 

2. Background Art 
Plants are exposed to various environmental stresses on a 

regular basis including high and low temperatures, drought, 
high light intensity, Salinity, air pollutant gases, pathogenic 
microbes and the like. Therefore, if useful plants that can 
grow Sufficiently even under Such types of environmental 
stresses such as, for example, crops, can be developed, food 
production will become possible even in regions in which 
crops and the like can not currently grow due to environmen 
tal stresses, and the possibility of being prepared for a grave 
food crisis that is forecast in the future will be increased. 
Consequently, the production of plants that have improved 
resistance to such kinds of environmental stresses is under 
way on a global basis. For example, plants have been pro 
duced that were imparted with chilling resistance (Nature, 
356, 710-703, 1992: Plant Physiol., 105, 601-605, 1994), 
drought resistance (Plant Physiol., 107, 125-130, 1995: 
Nature, 379, 683-684, 1996; Nature Biotech., 17, 287-291, 
1999), salt resistance (Science, 259,508-510, 1993: Biotech 
nology, 14, 177-180, 1996: Plant J., 12, 133-142, 1997), air 
pollutants resistance (Plant Cell Physiol. 34, 129-135, 1993: 
Biotechnology, 12, 165-168, 1994), disease resistance (Ka 
gaku to Seibutsu (Chemistry and Organisms), 37, 295-305, 
385-392, 1999) and the like by genetic recombination tech 
niques. Further, some plants that have been imparted with 
resistance to agricultural chemicals by genetic recombination 
techniques are in practical use (Nature, 317, 741-744, 1985; 
Proc. Natl. Acad. Sci. USA, 85, 391-395, 1988: EMBO J., 6, 
2513-2518, 1987; EMBO.J., 7, 1241-1248, 1988). 

These environmental stresses are closely related with in 
Vivo generation of active oxygen species (Superoxide radical 
(O), hydrogen peroxide (HO), hydroxy radical (OH)). 
Active oxygen species are generated by respiration, photo 
synthesis, environmental stresses and the like, and impart 
fatal damage to cells by excessive oxidation of proteins, 
nucleic acids, membrane structure or the like. It has also been 
reported that an active oxygen-resistant plant produced by 
genetic recombination techniques showed improved resis 
tance to the aforementioned environmental stresses (Plant 
Physiol., 111, 1177-1181, 1996; FEBS Letters, 428, 47-51, 
1998). 
To produce an active oxygen-resistant plant, a method is 

principally employed in which a gene of enzyme scavenging 
active oxygen species (Superoxide dismutase, ascorbate per 
oxidase, catalase and glutathione reductase and the like) is 
introduced into the plant. 

Paraquat is a non-selective and potent herbicide that can 
kill all plants by continuously generating active oxygens in 
the photosystems. Paraquat resistance can thus be used as an 
indicator of the resistance to active oxygens, and analysis 
concerning the mechanism of paraquat resistance in plants 
has been conducted (Pestic. Biochem. Physiol., 26, 22-28, 
1986: Theor. Appl. Genet. 75, 850-856, 1988; and Plant 
Physiol, 91, 1174-1178, 1989). 

Meanwhile, an apoptosis suppressor gene (JP Patent Pub 
lications (Kokai) No. 10-309142: No. 2000-23583; and No. 
2002-300822), a gene encoding a protein homologous to 
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2 
aldose reductase (JP Patent Publication (Kohyo) No. 2001 
523466) and a gene encoding an iron-binding protein (fer 
ritin) (JP Patent Publication (Kohyo) No. 2001-519671) have 
been disclosed as genes that can impart paraquat resistance. 
Further, in JP Patent Publications (Kokai) No. 2002-281979 
and No. 2001-95585, peroxidase derived from paraquat resis 
tant callus is disclosed as a gene capable of imparting resis 
tance to paraduat. 

It had been believed that if a paraquat resistance gene that 
can impart strong resistance to paraquat could be isolated, it 
would be useful in the development of plants with high resis 
tance to active oxygens generated under various kinds of 
environmental stress conditions (high and low temperatures, 
drought, high light intensity, Salinity, air pollutant gases, 
pathogenic microbes and the like). However, recently it has 
been revealed that active oxygens fulfill an important role as 
a molecule regulating the growth and stress response of a 
plant. Therefore, to avoid influencing important characteris 
tics such as crop yield, it is important to increase the resis 
tance of a plant to stresses Such as paraquat without affecting 
the growth and physiological control mechanisms of a plant 
dependent on active oxygens. 
The vascular tissue is a fascicular tissue system that differ 

entiates through each organ of pteridophytes and spermato 
phytes, such as the stem, leaf and root. Xylem and phloem are 
the components of the vascular tissue, and they function as 
pipes to transport water and internal Substances throughout 
the plant. Further, the vascular cambium, which includes the 
interfascicular cambium and the intrafascicular cambium, is 
found in the vascular tissue. The vascular cambium is a site of 
cell proliferation, and is thus an extremely important site for 
the growth of a plant. Thus, the vascular tissue is a location 
involved in transporting water and internal Substances as well 
as cell proliferation in a plant. Accordingly, ifa gene involved 
in transporting water or internal Substances or in cell prolif 
eration can be introduced into a plant and expressed specifi 
cally in the vascular tissue, it will be possible to regulate the 
transport of water or internal substances or cell proliferation 
in the plant. 

In addition, from the viewpoint of plant diseases, the vas 
cular tissue is a site where a wilt disease fungus infecting 
plants of the family Solanaceae proliferates and transfers. 
When a plant virus infects a plant, the plant virus migrates a 
long distance from one leaf to an above leaf, and therefore the 
vascular tissue is also a migration site that leads to systemic 
infection of a plant. Accordingly, if a gene involved in prolif 
eration or migration of a fungus or plant virus can be intro 
duced into a plant and expressed specifically in the vascular 
tissue, the plant can be protected from the fungus or plant 
virus. 
A trichome is a floccose outgrowth found on the surface of 

a leaf, stem, sepal and the like of a plant body. A trichome is 
involved in secretion and excretion from the surface of a plant 
body. For example, it is reported that when a plant is exposed 
to heavy metal (cadmium) stress, the number of trichomes on 
the Surface of leaves increases and crystals containing cad 
mium or calcium adhere to the surface of the leaves, in other 
words, that cadmium is excreted by a trichome (Planta, 213 
(1), 45-50, 2001, May). A trichome is also the site of first 
contact for a filamentous fungus, bacterium, insector the like 
invading a plant. Further, as a defense against diseases and 
insect damages, for example, a fluid having antimicrobial 
activity and a feeding deterrent effect is secreted from a 
glandular hair or glandular trichome of rugosa rose of the 
family Rosaceae, one type of trichome. Therefore, if a gene 
involved in the excretion of a heavy metal or the like, or a gene 
involved in the secretion of a fluid having antimicrobial activ 
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ity or a feeding deterrent effect can be introduced into a plant 
and expressed specifically in a trichome, a heavy metal can be 
efficiently excreted from the plant or the plant can be effec 
tively protected against a filamentous fungus, bacterium or 
insect invading the plant. 
As described above, it is desirable that specific gene 

expression be performed in a vascular tissue or trichome. As 
a method for performing specific gene expression, a method 
involving the use of a promoter exhibiting specific promoter 
activity in a vascular tissue or trichome can be considered. 
However, a promoter exhibiting promoter activity specifi 
cally in both a vascular tissue and a trichome has not been 
identified at present. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide, for 
example, aparaquat resistance gene and a vascular tissue- and 
trichome-specific promoter by identifying and analyzing 
genes of Arabidopsis thaliana. 
The present invention accomplishes the aforementioned 

object by providing the following. 
The invention provides a gene encoding a protein of the 

following (a) or (b): 
(a) a protein comprising the amino acid sequence repre 

sented by SEQID NO: 2: 
(b) a protein consisting of an amino acid sequence having 

a substitution, deletion or addition of one or a plurality of 
amino acids relative to the amino acid sequence represented 
by SEQ ID NO: 2 and capable of imparting paraquat resis 
tance. 

The invention also provides a protein capable of imparting 
paraquat resistance encoded by the gene as recited above; a 
recombinant vector comprising the gene as recited above; a 
recombinant vector comprising the gene as recited above, 
wherein the recombinant vector further comprises a foreign 
gene or a foreign DNA fragment; a transformant having any 
one of the recombinant vectors as recited above; and a plant 
body having any one of the recombinant vectors as recited 
above and having paraquat resistance. 
The invention further provides a method for screening for 

a transgenic plant, comprising introducing a recombinant 
vector into a plant; wherein the recombinant vector comprises 
a gene encoding a protein of the following (a) or (b): 

(a) a protein comprising the amino acid sequence repre 
sented by SEQID NO: 2: 

(b) a protein consisting of an amino acid sequence having 
a substitution, deletion or addition of one or a plurality of 
amino acids relative to the amino acid sequence represented 
by SEQ ID NO: 2 and capable of imparting paraquat resis 
tance; and wherein the recombinant vector further comprises 
a foreign gene or a foreign DNA fragment; and screening for 
a transgenic plant on the basis of paraquat resistance as an 
indicator. 
The invention also provides a method for screening for a 

transgenic plant, comprising introducing a recombinant vec 
tor into a plant; wherein the recombinant vector comprises a 
gene encoding a protein of the following (a) or (b): 

(a) a protein comprising the amino acid sequence repre 
sented by SEQID NO: 2: 

(b) a protein consisting of an amino acid sequence having 
a substitution, deletion or addition of one or a plurality of 
amino acids relative to the amino acid sequence represented 
by SEQ ID NO: 2 and capable of imparting paraquat resis 
tance; and screening for a transgenic plant on the basis of 
paraquat resistance as an indicator. 
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4 
In addition, the invention provides a vascular tissue- and 

trichome-specific promoter comprising DNA of the follow 
ing (a), (b) or (c): 

(a) DNA consisting of the nucleotide sequence represented 
by SEQID NO:3: 

(b) DNA consisting of a nucleotide sequence having a 
substitution, deletion or addition of one or a plurality of 
nucleotides relative to the nucleotide sequence represented by 
SEQID NO:3 and capable of functioning as a vascular tissue 
and trichome-specific promoter; 

(c) DNA hybridizing under stringent conditions to DNA 
consisting of the nucleotide sequence represented by SEQID 
NO: 3 and capable of functioning as a vascular tissue- and 
trichome-specific promoter. 
The invention also provides a recombinant vector compris 

ing the vascular tissue- and trichome-specific promoter 
as recited above; a recombinant vector comprising the 
vascular tissue- and trichome-specific promoter as 
recited above, wherein the recombinant vector com 
prises a foreign gene or a foreign DNA fragment down 
stream of the vascular tissue- and trichome-specific pro 
moter, a recombinant vector comprising the vascular 
tissue- and trichome-specific promoter as recited above, 
wherein the recombinant vector comprises a foreign 
gene or a foreign DNA fragment downstream of the 
vascular tissue- and trichome-specific promoter and 
wherein the foreign gene is a gene encoding a protein of 
the following (a) or (b): 

(a) a protein comprising the amino acid sequence repre 
sented by SEQID NO: 2: 

(b) a protein consisting of an amino acid sequence having 
a substitution, deletion or addition of one or a plurality of 
amino acids relative to the amino acid sequence represented 
by SEQ ID NO: 2 and capable of imparting paraquat resis 
tance; and a transgenic plant having any one of the recombi 
nant vectors as recited above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The patent or application file contains at least one drawing 
executed in color. Copies of this patent or patent application 
publication with drawings will be provided by the Office 
upon request and payment of the necessary fee. 

FIG. 1 is a photograph of electrophoresis of cDNA derived 
from an AtMVR gene transformant; 

FIG. 2A is a schematic diagram showing the location of an 
AtMVR gene transformant and a non-transformant in FIGS. 
2B and 2C. FIG. 2B is a photograph showing the growth of an 
AtMVR gene transformant and a non-transformantina /2 MS 
culture medium without paraquat. FIG. 2C is a photograph 
showing the growth of an AtMVR gene transformant and a 
non-transformant in a /2 MS culture medium with paraquat: 

FIG. 3 is a photomicrograph of an entire transformant 
containing the GUS gene and an AtMVR promoter his 
tochemically colored with GUS; 

FIG. 4 is a photomicrograph of a leaf of a transformant 
containing the GUS gene and an AtMVR promoter his 
tochemically colored with GUS; and 

FIG. 5 is a photomicrograph of a root of a transformant 
containing the GUS gene and an AtMVR promoter his 
tochemically colored with GUS. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be described in detail below. 
The gene according to the present invention is a gene 

encoding the protein of the following (a) or (b): 
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(a) a protein consisting of the amino acid sequence repre 
sented by SEQID NO: 2; and 

(b) a protein consisting of an amino acid sequence having a 
substitution, deletion or addition of one or a plurality of 
amino acids relative to the amino acid sequence repre 
sented by SEQ ID NO: 2 and imparting paraquat resis 
tance. 
The gene encoding the protein described in the above (a) is 

a gene (hereafter, referred to as 'AtMVR gene') encoding a 
protein imparting paraquat resistance which consists of the 
amino acid sequence represented by SEQID NO: 2. 
The present inventors performed a search on databases 

having the entire nucleotide sequence of Arabidopsis 
thaliana (for example, GenBank, EMBL, DDBJ, tair: The 
Arabidopsis Information Resource) based on the nucleotide 
sequence of the AtMVR gene and found that there are 13 
genes homologous to the AtMVR gene (AtMVR 3-1 to 
AtMVR3-13) present on the Arabidopsis thaliana genome. 
The nucleotide sequence of each of these AtMVR homolo 
gous genes and the putative amino acid sequence encoded by 
the relevant AtMVR homologous gene are represented by the 
SEQ ID NOS. listed in Table 1 below. Table 1 also lists the 
results of homology analysis between the AtMVR gene and 
each AtMVR homologous gene. The homology analysis was 
conducted using BLAST P at the amino acid level. Amino 
acids may be classified based on the chemical properties of 
their side chains. In the BLOSUM62 amino acid substitution 
matrix (Proc. Natl. Acad. Sci., 89, 10915-10919, 1992), 
amino acids are classified into: an amino acid with a mercapto 
group (C); hydrophilic amino acids that have low molecular 
weight (S. T. P. A. G); acidic amino acids (N, D, E, Q); basic 
amino acids (H. R. K); hydrophobic amino acids that have 
low molecular weights (M. I. L. V); and aromatic amino acids 
(F. Y. W). In Table 1, the term “Identities” refers to 100% 
correspondence in terms of amino acids and the term "Posi 
tives' refers to the numerical value when amino acids having 
a positive score in the BLOSUM 62 amino acid substitution 
matrix are added to those having 100% correspondence (see 
Bioinfomatics (in Japanese), Eds. Okazaki Y. & Bono H. 
(published by Medical Science International)). 

TABLE 1. 

Name of AtMVR 
homologous gene Nucleotide sequence Amino acid sequence Identities (%) 

AtMVR3-1 SEQID NO: 4 SEQID NO: 5 57 
AtMVR3-2 SEQID NO: 6 SEQID NO: 7 55 
AtMVR3-3 SEQID NO: 8 SEQID NO: 9 39 
AtMVR3-4 SEQID NO: 10 SEQID NO: 11 39 
AtMVR3-5 SEQID NO: 12 SEQID NO: 13 37 
AtMVR3-6 SEQID NO: 14 SEQID NO: 15 36 
AtMVR3-7 SEQID NO: 16 SEQID NO: 17 34 
AtMVR3-8 SEQID NO: 18 SEQID NO: 19 34 
AtMVR3-9 SEQID NO: 20 SEQID NO:21 37 
AtMVR3-10 SEQID NO: 22 SEQID NO:23 25 
AtMVR3-11 SEQID NO: 24 SEQID NO:25 33: 
AtMVR3-12 SEQID NO: 26 SEQID NO: 27 25 
AtMVR3-13 SEQID NO: 28 SEQID NO:29 22 
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6 
protein encoded by the AtMVR gene has identity of 89% at 
the amino acid level to the protein encoded by DSA 5. It is 
reported that DSA 5 is a gene that expresses upon aging of the 
petal of lily (Hemerocallis hybrid cultivar) (Plant Molecular 
Biology 40, 237-248, 1999). However, since the protein 
encoded by DSA 5 has no homology with any known protein, 
it is unclear which functions the proteinhas. Accordingly, the 
AtMVR gene is a novel gene imparting paraquat resistance. 
As used herein, the term "paraquat resistance' refers to 

having resistance to paraquat. More specifically, the term 
"paraquat-resistant plant” refers to a plant requiring a larger 
quantity of paraquat than a non-resistant plant in order to 
obtain a given effect from paraquat. Paraquat is a non-selec 
tive and potent herbicide that kills all plants by continuously 
generating active oxygens in the photochemical system. It is 
possible to confirm whether the AtMVR gene is a paraquat 
resistance gene imparting paraquat resistance by examining 
whether a transformant into which the gene was introduced 
can grow in the presence of paraquat. 
The gene encoding the protein described in the above (b) is 

a gene encoding a protein consisting of an amino acid 
sequence having a Substitution, deletion or addition of one or 
a plurality of amino acids (for example, 1 to 10, or 1 to 5) 
relative to the amino acid sequence represented by SEQ ID 
NO: 2 and imparting paraquat resistance. 
Once the nucleotide sequence of the gene according to the 

present invention has been determined, it is then possible to 
obtain the gene according to the present invention by chemi 
cal synthesis, or by polymerase chain reaction (hereafter, 
referred to as "PCR) employing as a template a clone that has 
been cloned, or by performing hybridization employing a 
DNA fragment having the nucleotide sequence as a probe. 
Further, it is possible to synthesize a mutant of the gene 
according to the present invention having equivalent func 
tions as those prior to mutation by a technique Such as site 
directed mutagenesis. 

Examples of the method for introducing a mutation into the 
gene according to the present invention include a known 
method such as the Kunkel method or the gapped duplex 
method or a method in accordance with such methods. For 

Positives (%) 

70 
69 
56 
55 
S4 
52 
52 
51 
58 
44 
51: 
41 
41 

*The comparison with AtMVR3-11 shows the homology result for comparison with a partial 
sequence of AtMVR3-11. 

As shown in Table 1, the homology of AtMVR with the 13 
AtMVR homologous genes ranged from 22 to 57% for Iden 
tities and from 41 to 70% for Positives. These AtMVR 
homologous genes are considered to impart paraquat resis 
tance in the same manner as the AtMVR gene. 

Further, the AtMVR gene has homology to a senescence 
associated protein, DSA 5 (GenBank accession number 
AF082030) (Plant Molecular Biology 40, 237-248, 1999). 
The result of homology analysis using BLASTX showed the 

60 

65 

example, introduction of a mutation can be performed using 
a kit for introducing a mutation (for example, Mutant-K 
(manufactured by TAKARA, Inc.), or Mutant-G (manufac 
tured by TAKARA, Inc.)) utilizing site-directed mutagenesis 
or using LA PCR in vitro Mutagenesis series kit manufac 
tured by TAKARA, Inc. 
A protein imparting paraquat resistance according to the 

present invention is the protein encoded by the gene accord 
ing to the present invention. For example, the gene according 



US 7,402,732 B2 
7 

to the present invention is integrated into a vector derived 
from Escherichia coli or the like, and E. coli is then trans 
formed with the obtained recombinant vector. Thereafter, the 
protein according to the present invention can be obtained by 
extracting the protein synthesized within E. coli. 

Further, a recombinant vector according to the present 
invention is a recombinant vector comprising the gene 
according to the present invention. The recombinant vector 
according to the present invention can be obtained by insert 
ing the gene according to the present invention into an appro 
priate vector. A vector used for inserting the gene according to 
the present invention is not particularly limited as long as it is 
capable of replication within a host, and examples thereof 
include a plasmid, a shuttle vector, and a helper plasmid. In 
addition, when the vector itself is not capable of replication, 
a DNA fragment that is capable of replication by a method 
Such as insertion into the chromosome of a host may be used. 

Examples of plasmid DNA include a plasmid derived from 
E. coli (pBI221 and the like, for example, pFT system such as 
pET30b, pBR system such as pBR322 and pBR325, puC 
system such as puC118, puC119, puC18 and puC19, 
pBluescript, and pPI221), a plasmid derived from Bacillus 
subtilis (for example, puB110 and pTP5), a binary plasmid 
derived from Agrobacterium tumefaciens (for example, pBI 
system derived from pBIN19, pBI101, or plBI121), a plasmid 
derived from yeast (for example, YEp system such as YEp13, 
orYCp system such as YCp50) or the like. Examples of phage 
DNA include phage (Charon 4A, Charon 21A, EMBL3, 
EMBL4, Agt10, agt11, ZAP and the like). Further, an ani 
mal virus vector Such as retrovirus or vaccinia virus, a plant 
virus vector Such as cauliflower mosaic virus, or an insect 
virus vector such as baculovirus can also be used. 

To insert the gene according to the present invention into a 
vector, a method may be used in which cDNA of the gene 
according to the present invention is first cleaved using an 
appropriate restriction enzyme and then inserted into a 
restriction enzyme site or multicloning site of an appropriate 
vector DNA and ligated into the vector. Further, a method 
may be used in which a homologous region is respectively 
provided in one part of a vector and cDNA of the gene accord 
ing to the present invention, and the vector and the cDNA are 
connected by an in vitro method using PCR or the like or an 
in vivo method using yeast or the like. 
A recombinant vector according to the present invention 

can also include a foreign gene or a foreign DNA fragment in 
addition to the gene according to the present invention. A 
method for inserting a foreign gene or a foreign DNA frag 
ment into a vector is the same as the method for inserting a 
DNA fragment according to the present invention into a vec 
tor. Any gene or DNA fragment may be used as a foreign gene 
or a foreign DNA fragment. Thus, the gene according to the 
present invention can be used as a selective marker gene to 
indicate paraquat resistance, for example, as with an antibi 
otic resistance gene for kanamycin or hygromycin or the like. 
A transformant according to the present invention is a 

transformant having the recombinant vector according to the 
present invention. The transformant according to the present 
invention can be obtained by introducing the recombinant 
vector according to the present invention into a host. A host is 
not particularly limited as long as it is capable of expressing 
the gene according to the present invention, howevera plant is 
preferred. When the host is a plant, it is possible to obtain a 
transgenic plant in the manner described below. 

A“plant to be transformed in the present invention may be 
any of a whole plant, a plant organ (for example, leaf petal, 
stem, root, or seed), plant tissue (for example, epidermis, 
phloem, parenchyma, or xylem) or a plant culture cell. 
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Examples of the plant that can be used in the transformation 
include, but are not limited to, a plant belonging to the family 
Poaceae, Brassicaceae, Solanaceae, or Leguminosae (see 
below). 

Poaceae: Oryza sativa, Zea mays 
Brassicaceae: Arabidopsis thaliana 
Solanaceae: Nicotiana tabacum 
Leguminosae: Glycine max 
The recombinant vector according to the present invention 

can be introduced into a plant by a conventional transforma 
tion method Such as, for example, the electroporation method, 
Agrobacterium method, particle gun method, or PEG 
method. 

For example, when using the electroporation method, the 
recombinant vector according to the present invention is 
introduced into a host by conducting the treatment using an 
electroporation apparatus equipped with a pulse controller 
under conditions of a voltage of 500 to 1600 V, at 25 to 1000 
uF, for 20 to 30 msec. 
When using the particle gun method, the whole plant, a 

plant organ or plant tissue itself may be used without any 
treatment, a section thereofmay be prepared and then used, or 
protoplast may be prepared and used. The prepared sample 
can then be treated using a gene transfer device (for example, 
PDS-1000/He manufactured by Bio-Rad Inc.). Although the 
treatment conditions may vary depending on the plant or 
sample used, the treatment is normally conducted at a pres 
sure of approximately 450 to 2000 psi and a distance of 
approximately 3 to 12 cm. 
A method using the Tiplasmid or Ri plasmid of Agrobac 

terium takes advantage of a characteristic whereby, when a 
bacterium belonging to the genus Agrobacterium infects a 
plant, one part of plasmid DNA possessed by the bacterium is 
transferred into the genome of the plant. This method canthus 
be used to introduce the gene according to the present inven 
tion into a plant host. Among the bacteria belonging to the 
genus Agrobacterium, when Agrobacterium tumefaciens 
infects a plant, it causes the formation of a tumor that is 
referred to as “crown gall.” Further, when Agrobacterium 
rhizogenes infects a plant, it incites generation of a capillary 
root. These are caused by a region referred to as a “T-DNA 
(Transferred DNA) region' of a Ti plasmid or Ri plasmid 
transferring into a plant at the time of infection to be inte 
grated into the genome of the plant. Accordingly, the DNA to 
be integrated into a plant genome is first inserted into the 
T-DNA region of a Tiplasmid or Ri plasmid, and then the 
DNA can be integrated into the plant genome by infecting the 
plant host with a bacterium of the genus Agrobacterium. 

Examples of the method for transforming a bacterium of 
the genus Agrobacterium into a plant host include the above 
described electroporation method, patent gun method and 
PEG method, as well as an in planta method. Examples of the 
in planta method include a direct Agrobacterium inoculation 
method and an infiltration method. 
Tumor tissue or shoot, capillary root or the like obtained as 

the result of the transformation can be used without any 
treatment for cell culture, tissue culture or organ culture. 
Alternatively, it can be regenerated in a plant body by admin 
istration of a plant hormone (auxin, cytokinin, gibberellin, 
abscisic acid, ethylene, brassinolide or the like) of an appro 
priate concentration using a conventional plant tissue culture 
method. 
The gene according to the present invention may also be 

introduced into a plant by utilizing a plant virus as a vector. 
Examples of the plant virus that can be used include cauli 
flower mosaic virus. First, the viral genome is inserted into a 
vector derived from E. coli or the like to produce a recombi 
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nant, and then the gene according to the present invention is 
inserted into the viral genome. The viral genome modified in 
this manner is Subsequently cleaved from the recombinant 
using a restriction enzyme, and the gene according to the 
present invention can then be introduced into a plant host by 
inoculating the viral genome into the plant host. 

In addition to introduction into a plant host as described 
above, the recombinant vector according to the present inven 
tion may also be introduced into bacteria belonging to the 
genus Escherichia Such as E. coli, the genus Bacillus such as 
Bacillus subtilis, or the genus Pseudomonas Such as 
Pseudomonasputida, as well as yeast Such as Saccharomyces 
cerevisiae and Schizosaccharomyces pombe, animal cells 
such as COS cell or CHO cell, and insect cells such as Sf9. 
When using a bacterium such as E. coli or yeast or the like as 
a host, it is preferable that the recombinant vector according 
to the present invention is capable of autonomous replication 
in the bacterium and that it is comprised of a promoter, a 
ribosome binding sequence, a transcription termination 
sequence and the gene according to the present invention. It 
may also comprise a gene regulating the promoter. 
The method for introducing the recombinant vector 

according to the present invention into a bacterium is not 
particularly limited as long as it is a method that can introduce 
DNA into a bacterium, and for example a method using 
calcium ion or the electroporation method may be mentioned. 
The method for introducing the recombinant vector 

according to the present invention into yeast is not particu 
larly limited as long as it is a method that can introduce DNA 
into yeast, and for example the electroporation method, 
spheroplast method and lithium acetate method may be men 
tioned. 

When using an animal cell as a host, monkey cell COS-7, 
Vero, Chinese hamster ovary cell (CHO cell), mouse L-cells 
or the like can be used. The method for introducing the recom 
binant vector according to the present invention into an ani 
mal cell is not particularly limited as long as it is a method that 
can introduce DNA into an animal cell, and for example the 
electroporation method, calcium phosphate method and lipo 
fection method may be mentioned. 
When using an insect cell as a host, an Sf9 cell or the like 

can be used. The method for introducing the recombinant 
vector according to the present invention into an insect cell is 
not particularly limited as long as it can introduce DNA into 
an insect cell, and for example the calcium phosphate method, 
lipofection method and electroporation method may be men 
tioned. 

It is possible to confirm whether or not the gene according 
to the present invention has been integrated into a host by 
using the PCR method, Southern hybridization method, 
Northern hybridization method or the like. For example, PCR 
can be conducted after preparing DNA from the transformant 
and designing a DNA-specific primer. Next, the amplification 
product is subjected to agarose gel electrophoresis, polyacry 
lamide gel electrophoresis or capillary electrophoresis or the 
like, and the product thereof is then stained with ethidium 
bromide, SYBR Green solution or the like. Thereafter, 
whether or not transformation has occurred can be confirmed 
by the detection of the amplification product as a single band. 
It is also possible to detect the amplification product after 
conducting PCR using a primer that has been labeled previ 
ously with a fluorescent dye or the like. In addition, a method 
may be employed in which the amplification product is bound 
to a solid phase of a microplate or the like to enable confir 
mation of the amplification product by fluorescence or 
enzyme reaction or the like. 
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A plant body according to the present invention is one 

having a recombinant vector comprising the gene according 
to the present invention and having paraquat resistance. As 
used herein, the term “plant body” refers to a whole plant 
transformed with a recombinant vector comprising the gene 
according to the present invention. The plant body according 
to the present invention can be obtained by introducing the 
above recombinant vector into a plant cell or the like and 
regenerating a transgenic plant body from the obtained trans 
genic plant cell. As a regeneration method, a method may be 
employed in which transformed cells in a callus form are 
transferred to a culture medium in which the type and con 
centration of hormones have been modified and allowed to 
culture, and an adventitious embryo is allowed to form to 
obtain a complete plant body. Examples of the culture 
medium to be used include LS medium and MS medium. 
Introduction of a recombinant vector into a plant cell or the 
like can be performed by a method similar to the method 
described above. 

In the plant body according to the present invention, a 
protein imparting paraquat resistance that is encoded by the 
gene according to the present invention is overexpressed 
throughout the whole plant body. Thus, the plant body 
according to the present invention can have resistance to 
paraduat. 
A method of screening for transgenic plants according to 

the present invention is a method in which the recombinant 
vector according to the present invention is introduced into 
plants and paraquat resistance is used as an indicator to Screen 
for transgenic plants. Transformation can be verified by 
employing the gene according to the present invention as a 
selective marker gene to indicate paraduat resistance. 
Examples of the screening method include a method in which 
plants transformed by the recombinant vector according to 
the present invention are grown in a paraquat-containing 
medium and the screening is carried out based on variations in 
the life and death as well as growth of the plants. The con 
centration of paraquat used for the screening may vary 
depending on the species and size of plants and the like, 
however, for example, when Arabidopsis thaliana is used as 
a host, paraquat may be present in a medium at a concentra 
tion of preferably 0.1 to 3.0 uM, more preferably 1.0 to 3.0 
uM, and most preferably 3.0LM. A non-transgenic plant, i.e., 
a wild-type plant, develops chlorosis and dies in a paraquat 
containing medium. In contrast, a plant transformed with the 
recombinant vector according to the present invention 
remains green evenin a paraquat-containing medium. Thus, it 
is possible to Verify a clear difference in growth in a paraquat 
containing medium between a non-transgenic plant and a 
plant transformed with the recombinant vector according to 
the present invention. 
When employing antibiotic resistance or herbicide resis 

tance as an indicator, false positivity may be observed at the 
screening stage because of the existence of a difference in 
sensitivity among the plant. In contrast, paraquat is a non 
selective and potent herbicide that can kill all plants. Conse 
quently, in the method of screening transgenic plants accord 
ing to the present invention, false positivity is not observed in 
the screening stage. Further, according to the method of 
screening transgenic plants according to the present inven 
tion, resistance can be effectively confirmed at an early stage 
of growth. 
The promoter according to the present invention is a vas 

cular tissue- and trichome-specific promoter comprising the 
DNA of the following (a), (b) or (c): 

(a) DNA consisting of the nucleotide sequence represented 
by SEQID NO:3: 



US 7,402,732 B2 
11 

(b) DNA consisting of a nucleotide sequence having a 
substitution, deletion or addition of one or a plurality of 
nucleotides relative to the nucleotide sequence represented by 
SEQ ID NO: 3 and functioning as a vascular tissue- and 
trichome-specific promoter, and 

(c) DNA hybridizing under stringent conditions to DNA 
consisting of the nucleotide sequence represented by SEQID 
NO: 3 and functioning as a vascular tissue- and trichome 
specific promoter. 
The vascular tissue- and trichome-specific promoter 

described in the above (a) is a vascular tissue- and trichome 
specific promoter found in an untranslated region on the 
5'-upstream side of the AtMVR gene and consists of the 
nucleotide sequence represented by SEQID NO:3. The pro 
moter described in (a) can be determined by performing a 
search based on approximately 3,000 nucleotides on the 
5'-upstream side of the AtMVR gene on a database having the 
complete nucleotide sequence for Arabidopsis thaliana. 
As used herein, the term “vascular tissue- and trichome 

specific promoter” refers to a promoter exhibiting activity 
specific to a vascular tissue and trichome of a plant. The term 
“vascular tissue' refers to a fascicular tissue system that dif 
ferentiates through each organ of pteridophytes and sper 
matophytes, such as the stem, leaf, and root. Xylem and 
phloem are the components of the vascular tissue, and they 
function as pipes to transport water and internal Substances 
throughout the plant. Meanwhile, the term “trichome' refers 
to a floccose outgrowth existing on the Surface of a leaf stem, 
or sepal of a plant body. A trichome participates in Secretion 
and excretion from the plant body surface. 
The activity of a vascular tissue- and trichome-specific 

promoter can be determined in accordance with a conven 
tional method. For example, an expression vector having a 
reporter gene operably linked thereto downstream of a pro 
moter may be constructed. Next, an appropriate plant is trans 
formed with the expression vector. The obtained transformant 
is then cultured under predetermined conditions, and the 
expression amount of the reporter gene in a vascular tissue 
and trichome may be determined at the mRNA or protein 
level to enable the measurement of promoter activity under 
the relevant conditions. Further, when the reporter gene is the 
B-Glucuronidase (GUS) gene, the specificity of promoter 
activity in a vascular tissue and trichome can be determined 
by observing the histochemical coloring caused by the 
expressed GUS. 

For example, as a method of the histochemical coloring 
using GUS, a method may be mentioned in which a reaction 
mixture containing 5-brome-4-chloro-3-indolyl-B-D-glucu 
ronide (X-Gluc) as a GUS substrate is added to a tissue of a 
transformant in which the GUS gene has been introduced. 
When the GUS gene is expressed, X-Gluc is de-esterified to 
generate an indoxyl derivative monomer, and this monomer is 
oxidation-polymerized with air to form a blue indigotin pig 
ment. In a transformed cell or tissue, this blue pigment accu 
mulates to exhibit a blue color. 

Further, a specified untranslated region on the 5'-upstream 
side of the AtMVR gene can be readily obtained by conduct 
ing PCR employing genome extracted from Arabidopsis 
thaliana as a template and using primers that are complemen 
tary to the nucleotide sequences on both ends of the region. 

The promoter according to the present invention may be 
the nucleotide sequence represented by SEQID NO:3, more 
specifically, the entire untranslated region on the 5'-upstream 
side, or it may be one part of DNA consisting of the nucleotide 
sequence represented by SEQID NO: 3 in so far as it exhibits 
a function as a vascular tissue- and trichome-specific pro 
moter. 
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The vascular tissue- and trichome-specific promoter 

described in the above (b) consists of a nucleotide sequence 
having a substitution, deletion or addition of one or a plurality 
of nucleotides (for example, 1 to 10, or 1 to 5) relative to the 
nucleotide sequence represented by SEQID NO:3 and func 
tions as a vascular tissue- and trichome-specific promoter. 
The vascular tissue- and trichome-specific promoter 

described in the above (c) hybridizes under stringent condi 
tions to DNA consisting of the nucleotide sequence repre 
sented by SEQID NO:3 and functions as a vascular tissue 
and trichome-specific promoter. 
As used herein, the term “stringent conditions’ refers to, 

for example, when using probe DNA labeled with phospho 
rus-32, hybridization in a hybridization Solution consisting of 
5xSSC (0.75 MNaCl, 0.75M sodium citrate), 5x Denhardt’s 
reagent (0.1% Ficoll, 0.1% polyvinylpyrrolidone, 0.1% 
bovine serum albumin) and 0.1% sodium dodecyl sulphate 
(SDS) at a temperature between 45 and 68°C., preferably 60 
to 68° C. Further, in the washing step, washing is performed 
in a washing solution consisting of 2xSSC and 0.1% SDS at 
a temperature between 45 and 55°C., and more preferably in 
a washing solution consisting of 0.1 xSSC and 0.1% SDS at a 
temperature between 45 and 55° C. When using probe DNA 
enzymatically labelled using the AlkPhos direct labeling 
module kit (Amersham Biotech), hybridization may be con 
ducted in a hybridization solution (containing 0.5 M NaCl 
and 4% blocking reagent) having the composition described 
in the manual accompanying the kit at a temperature between 
55 to 75° C. Further, in a washing step, washing may be 
conducted in a primary washing Solution (containing 2 M 
urea) in accordance with the instructions in the manual 
accompanying the kit at a temperature between 55 to 75°C., 
and in a secondary washing solution at room temperature. 
Other detection techniques may also be used, in which case 
the conditions may be the standard conditions for the relevant 
detection technique. 
Once the nucleotide sequence of the promoter according to 

the present invention has been determined, it is then possible 
to obtain the promoter according to the present invention by 
chemical synthesis, or by PCR employing a cloned probe as a 
template, or by performing hybridization employing a DNA 
fragment having the nucleotide sequence as a probe. Further, 
it is possible to synthesize a mutant of the promoter according 
to the present invention having equivalent functions as those 
prior to mutation by a technique Such as site-directed 
mutagenesis. 

Examples of the method for introducing a mutation into the 
promoter according to the present invention include a known 
method such as the Kunkel method or the gapped duplex 
method or a method in accordance with such methods. For 
example, the introduction of a mutation can be performed 
using a kit for introducing a mutation (for example, Mutant-K 
or Mutant-G (both manufactured by TAKARA, Inc.) utilizing 
site-directed mutagenesis or using LA PCR in vitro Mutagen 
esis series kit manufactured by TAKARA, Inc. 
A recombinant vector according to the present invention 

comprising the promoter according to the present invention 
can be obtained by inserting the promoter according to the 
present invention into an appropriate vector. A vector for 
inserting the promoter according to the present invention is 
not particularly limited as long as it is capable of replication 
within a host, and examples thereof include a plasmid, a 
shuttle vector, and a helper plasmid. In addition, when the 
vector itself is not capable of replication, a DNA fragment 
that is capable of replication by a method Such as insertion 
into the chromosome of a host may be used. 
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Examples of plasmid DNA include a plasmid derived from 
E. coli (pBI221 and the like, for example, pFT system such as 
pET30b, pBR system such as pBR322 and pBR325, puC 
system such as puC118, puC119, puC18 and puC19, 
pBluescript, and pPI221), a plasmid derived from Bacillus 
subtilis (for example, puB110 and pTP5), a binary plasmid 
derived from Agrobacterium tumefaciens (for example, pBI 
system derived from pBIN19, pBI101, or plBI121), a plasmid 
derived from yeast (for example, YEp system such as YEp13, 
orYCp system such as YCp50) or the like. Examples of phage 
DNA include phage (Charon 4A, Charon 21A, EMBL3, 
EMBL4, Agt10, agt11, ZAP and the like). Further, an ani 
mal virus vector Such as retrovirus or vaccinia virus, or an 
insect virus vector Such as baculovirus can also be used. 

To insert the promoter according to the present invention 
into a vector, a method may be used in which purified DNA is 
first cleaved with an appropriate restriction enzyme and then 
inserted into a restriction enzyme site or multicloning site of 
an appropriate vector DNA and ligated to the vector. Further, 
a method may also be used in which a homologous region is 
respectively provided in one part of a vector and the promoter 
according to the present invention, and the vector and pro 
moter are ligated by an in vitro method using PCR or the like 
or an in vivo method using yeast or the like. 
The recombinant vector according to the present invention 

comprising the promoter according to the present invention 
can further include aforeign gene or a foreign DNA fragment 
that is inserted downstream of the promoter according to the 
present invention. A method for inserting a foreign gene or a 
foreign DNA fragment is the same as a method for inserting 
the promoter according to the present invention into a vector. 

In the recombinant vector according to the present inven 
tion comprising the promoter according to the present inven 
tion, examples of a foreign gene to be inserted downstream of 
the promoter according to the present invention include any 
foreign gene, and specific examples include a gene involved 
in transport of water or internal substances or in cell prolif 
eration, a gene involved in proliferation or transport of bac 
teria or a plant virus, a gene involved in discharge of a heavy 
metal or the like, or a gene involved in secretion of a liquid 
having antimicrobial activity or a feeding deterrent effect. 
More specifically, the gene may be a gene for transporter or 
pump, a gene encoding a PR-protein (Pathogenesis related 
protein) (chitinase, peroxidase or the like), a defensin family 
gene, a phytoalexin synthesis gene or a repellant pheromone 
synthesis gene of a pest insector the like. As further examples 
of a foreign gene, the gene according to the present invention 
described above, the AtMVR gene, may be mentioned. 

Examples of the foreign DNA fragment to be inserted 
downstream of the promoter according to the present inven 
tion include antisense RNA or a ribozyme in which the RNA 
itself is functioning. 
The transgenic plant according to the present invention is a 

transgenic plant having the recombinant vector according to 
the present invention comprising the promoter according to 
the present invention. The transgenic plant according to the 
present invention can be obtained by introducing the recom 
binant vector according to the present invention comprising 
the promoter according to the present invention into a plant. A 
transgenic plant can be obtained in the manner described 
below. 

A“plant to be transformed in the present invention may be 
any of a whole plant, a plant organ having a vascular tissue 
and/or trichome (for example, leaf, petal, stem, root, or seed), 
plant tissue (for example, epidermis, phloem, parenchyma, or 
Xylem) or a plant culture cell. Examples of the plant that can 
be used in the transformation include, but are not limited to, a 
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14 
plant belonging to the family Poaceae, Brassicaceae, Solan 
aceae, or Leguminosae (see below). 

Poaceae: Oryza sativa, Zea mays 
Brassicaceae: Arabidopsis thaliana 
Solanaceae: Nicotiana tabacum 
Leguminosae: Glycine max 
The recombinant vector according to the present invention 

comprising the promoter according to the present invention 
can be introduced into a plant by a conventional transforma 
tion method Such as, for example, the electroporation method, 
Agrobacterium method, particle gun method, or PEG 
method. 

For example, when using the electroporation method the 
recombinant vector according to the present invention com 
prising the promoter according to the present invention is 
introduced into a host by the treatment using an electropora 
tion apparatus equipped with a pulse controller under condi 
tions of a voltage of 500 to 1600 V, at 25 to 1000 uF, for 20 to 
30 msec. 
When using the particle gun method, the whole plant, a 

plant organ or plant tissue itself may be used without any 
treatment, a section thereofmay be prepared and then used, or 
protoplast may be prepared and used. The prepared sample 
can then be treated using a gene transfer device (for example, 
PDS-1000/He manufactured by Bio-Rad Inc.). Although the 
treatment conditions may vary depending on the plant or 
sample used, the treatment is normally conducted at a pres 
sure of approximately 450 to 2000 psi and a distance of 
approximately 3 to 12 cm. 
The method using the Tiplasmid or Ri plasmid of Agro 

bacterium takes advantage of a characteristic whereby, when 
a bacterium belonging to the genus Agrobacterium infects a 
plant, one part of plasmid DNA possessed by the bacterium is 
transferred into the genome of the plant. This method canthus 
be used to introduce the promoter according to the present 
invention and a foreign gene or foreign DNA fragment into a 
plant host. Among the bacteria belonging to the genus Agro 
bacterium, when Agrobacterium tumefaciens infects a plant, 
it causes the formation of a tumor that is referred to as “crown 
gall.” Further, when Agrobacterium rhizogenes infects a 
plant, it incites the generation of a capillary root. These are 
caused by a region referred to as a “T-DNA (Transferred 
DNA) region' of a Tiplasmid or Ri plasmid transferring into 
a plant at the time of infection to be integrated into the genome 
of the plant. Accordingly, the DNA to be integrated into a 
plant genome is first inserted into the T-DNA region of a Ti 
plasmid or Ri plasmid, and then the DNA can be integrated 
into the plant genome by infecting the plant host with a 
bacterium of the genus Agrobacterium. 

Examples of the method for transforming a bacterium of 
the genus Agrobacterium into a plant host include the above 
described electroporation method, particle gun method and 
PEG method, as well as an in planta method. Examples of the 
in planta method include a direct Agrobacterium inoculation 
method and an infiltration method. 
The tumor tissue or shoot, capillary root or the like 

obtained as the result of transformation can be used without 
any treatment for cell culture, tissue culture or organ culture. 
Alternatively, it can be regenerated in a plant body by admin 
istration of a plant hormone (auxin, cytokinin, gibberellin, 
abscisic acid, ethylene, brassinolide or the like) of an appro 
priate concentration using a plant tissue culture method 
known in the prior art. 

Further, the promoter according to the present invention 
and a foreign gene or foreign DNA fragment can be intro 
duced into a plant by utilizing a plant virus as a vector. 
Examples of the plant virus that can be used herein include 
cauliflower mosaic virus. First, the viral genome is inserted 
into a vector derived from E. coli or the like to produce a 
recombinant, and then the promoter according to the present 



US 7,402,732 B2 
15 

invention and the foreign gene or foreign DNA fragment is 
inserted into the viral genome. The viral genome modified in 
this manner is Subsequently cleaved from the recombinant 
using a restriction enzyme, and the promoter according to the 
present invention and the foreign gene or foreign DNA frag- 5 
ment can be introduced into a plant host by inoculating the 
viral genome into the plant host. 
The transgenic plant according to the present invention 

produced in the above manner can specifically express the 
foreign gene or foreign DNA fragment in a vascular tissue and 
trichome using the promoter according to the present inven 
tion. 

The vascular tissue is a location involved in transporting 
water and internal Substances as well as cell proliferation in a 
plant. Thus, when a gene involved in transporting water or 
internal Substances or in cell proliferation is introduced as a 
foreign gene into the transgenic plant according to the present 
invention, the transport of water and internal Substances or 
cell proliferation in the plant can be regulated. The vascular 
tissue is also a site where wilt disease fungus infecting plants 
of the family Solanaceae proliferates and transfers. When a 20 
plant virus infects a plant, the plant virus migrates a long 
distance from one leaf to an above leaf and therefore the 
vascular tissue is also a migration site that leads to systemic 
infection of a plant. Thus, when a gene involved in prolifera 
tion or migration of a fungus or plant virus is introduced as a 25 
foreign gene into the transgenic plant according to the present 
invention, the plant can be protected from the fungus or plant 
virus. 

Meanwhile, a trichome is involved in secretion and excre 
tion from the surface of a plant body. For example, it is so 
reported that when a plant is exposed to heavy metal (cad 
mium) stress, the number of trichomes on the surface of 
leaves increases and crystals containing cadmium or calcium 
adhere to the surface of the leaves, in other words, that cad 
mium is excreted by a trichome (Planta, 213 (1), 45-50, 2001, 
May). A trichome is also the site of first contact for a filamen 
tous fungus, bacterium, insect or the like invading a plant. 
Further, as a defense against diseases and insect damages, for 
example, a fluid having antimicrobial activity and a feeding 
deterrent effect is secreted from a glandular hair or glandular 
trichome of rugosa rose of the family Rosaceae, one type of 40 
trichome. Therefore, when a gene involved in the excretion of 
a heavy metal or the like, or a gene involved in secretion of a 
fluid having antimicrobial activity or a feeding deterrent 
effect is introduced as a foreign gene into the transgenic plant 
according to the present invention, heavy metal can be effi- 45 
ciently excreted from the plant or the plant can be effectively 
protected against a filamentous fungus, bacterium or insect 
invading the plant. 

Further, when the gene according to the present invention is 
introduced as a foreign gene into the transgenic plant accord 
ing to the present invention, resistance to paraquat can be 
imparted by promoting the transportation and excretion and 
the like of paraquat incorporated in the plant body. 
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The present invention will be explained in detail further 
below with reference to the following examples. However, 
the examples are not intended to limit the technical scope of 
the invention. 

60 

Example 1 

Isolation of Paraquat Resistance Gene 

In this example, Weigel T-DNA lines acquired from Not- 65 
tingham Arabidopsis Stock Center (School of Biosciences, 
University of Nottingham, Sutton Bonington Campus, 

16 
Loughborough, LE125RD, United Kingdom) were used as 
activation tag lines of Arabidopsis thaliana. 

(1) Screening of Individuals Capable of Growing in 
Paraquat-containing Medium Using Activation-tagged Lines 
of Arabidopsis thaliana (Weigel T-DNA Lines) 

Seeds of Weigel T-DNA lines were sterilely inoculated in 
/2 MS agar (1%) culture medium (2.3 g/l of Murashige and 
Skoog Plant Salt Mixture (manufactured by Wako Pure 
Chemical Industries Ltd.), 1.5 mg/l of thiamine hydrochlo 
ride, 2.5 mg/l of nicotinic acid, 0.25 mg/l of pyridoxine 
hydrochloride, 1.5% of sucrose, 1% of agar) containing 3 uM 
of paraquat (methyl viologen, manufactured by Sigma 
Chemical Co.), and cultured at 22°C. under irradiation of 
light of 60 uE/m/s (cycle of 16 hrs photoperiod/8 hrs dark 
period). Approximately 10 days after culture, individuals 
growing in the paraquat-containing medium were screened. 

(2) Estimation of Insertion Sites of T-DNA from the 
Screened Activation-tagged Lines by the TAIL-PCR Method 

Seeds of Weigel T-DNA lines from which screened indi 
viduals originated were planted in a pot containing Vermicu 
lite (manufactured by Asahi Kagaku Kogyo Co., Ltd.) and 
grown for approximately one month at 23° C. under a light 
intensity of 100 uE/m/s with a photoperiod condition of 16 
hrs photoperiod/8 hrs dark period. 
Genome DNA was prepared from leaves of cultivated indi 

viduals using the DNeasy Plant Mini Kit (manufactured by 
QIAGEN), and three types of specific primers (TL1: SEQID 
NO:31: TL2: SEQID NO:32: TL3: SEQID NO:33) were 
designed for the vicinity of a T-DNA left sequence (T-DNA 
left border: SEQID NO:30) of an activation-tagging vector 
(pSKIO15: GenBank accession No. AF187951) used with the 
Weigel T-DNA lines. TAIL-PCR (Shokubutsu No PCR 
Jikken Purotokoru (Protocols of PCR Experiments for 
Plants), (Eds. Shimamoto K. & Sasaki T.), New Edition, 
2000, pp 83-89, Shujunsha Co., Ltd., Tokyo: Genomics, 25, 
674-681, 1995: Plant J., 8, 457-463, 1995) was then per 
formed using the specific primers and a random primer 1 
(SEQID NO:34) and the PCR reaction mixture and reaction 
conditions described below to amplify genome DNA border 
ing the T-DNA. In SEQID NO:34, n represents a, g, c, or t 
(location: 1 and 11), S represents g or c (location: 7), and w 
represents a ort (location: 8 and 13). 
The composition of the reaction mixture and the PCR 

conditions for the first-round PCR are listed in tables 2 and 3. 

TABLE 2 

Template (genome DNA): 10 ng 
10x PCR buffer (manufactured by TAKARA BIO Inc.): 2 Il 
2.5 mM dNTPs (manufactured by TAKARA BIO Inc.): 1.6 Ll 
First specific primer (TL1: SEQID NO:31): 3 pmol 
Random primer 1 (SEQID NO:34): 80 pmol 
AmpliTaq (manufactured by Applied BioSystems): 0.8 units 

Total volume 20 ul 

TABLE 3 

#1: 94° C. (1 min)/95° C. (1 min) 
#2: 94° C. (1 min)/65° C. (1 min)/72° C. (3 min) x 5 cycles 
#3: 94° C. (1 min)/25° C. (3 min) -> to 72° C. at 3 min/72° C. (3 min) x 

1 cycle 
#4: 94° C. (30 sec)/68°C. (1 min)/72° C. (3 min) 

94° C. (30 sec)/68° C. (1 min)/72° C. (3 min) 
94°C. (30 sec),44°C. (1 min), 72°C. (3 min) x 14 cycles 

#5 72° C. (5min) 

The composition of the reaction mixture and the PCR 
conditions for the second-round PCR are listed in tables 4 and 
5. 



US 7,402,732 B2 

TABLE 4 

Template (a 50-fold dilution of product of first-round PCR): 1 Jul 
10x PCR buffer: 2 Il 
250 IM dNTPs: 2 Il 
Second specific primer (TL2: SEQID NO:32): 4 pmol 
Random primer 1 (SEQ ID NO:34): 60 pmol 
AmpliTaq: 0.6 units 

Total volume 20 ul 

TABLE 5 

#6: 94° C. (30 sec)/64° C. (1 min)/72° C. (3 min) 
94° C. (30 sec)/64° C. (1 min)/72° C. (3 min) 
94°C. (30 sec),44°C. (1 min), 72°C. (3 min) x 10 cycles 

#5 72° C. (5min) 

The composition of the reaction mixture and the PCR 
conditions for the third-round PCR are listed in tables 6 and 7. 

TABLE 6 

Template (a 50-fold dilution of product of 1 Jul 
second-round PCR): 
10x PCR buffer: 10 ul 
2.5 nM (NTPs: 1 Jul 
Third specific primer (TL3: SEQID NO:33): 30 pmol 
Random primer 1 (SEQID NO:34): 300 pmol 
AmpliTaq: 3 units 

Total volume 100 ul 

TABLE 7 

#7: 94°C. (1 min),44° C. (1 min), 72°C. (3 min) x 20 cycles 
#5 72° C. (5min) 

Next, after subjecting the reaction products from the sec 
ond-round PCR and third-round PCR to electrophoresis on 
agarose gel, the presence or absence of amplification and the 
specificity of the reaction products were verified. 

Further, using the specific primer TL3 (SEQ ID NO: 33), 
the amplification product of the third-round PCR was directly 
sequenced using the ABI PRISM Dye Terminator Cycle 
Sequencing Kit (Applied Biosystems) and the nucleotide 
sequence was then determined using the ABI PRISM 310 
genetic analyzer (Applied Biosystems). As a result, 278-bp 
sequence information was obtained (SEQ ID NO: 35). In 
SEQID NO:35, in represents a, g, c, ort (location: 13,35,73, 
108, 156, 190, 198 and 201). A search was performed for the 
obtained sequence on databases having the entire nucleotide 
sequence of Arabidopsis thaliana, and it was found that the 
insertion site is located at 77240 bp of BAC clone F17123. 

(3) Isolation of cDNA of Paraquat Resistance Gene 
Seeds of Arabidopsis thaliana (Arabidopsis thaliana 

ecotype Columbia (Col-0)) were planted in a pot containing 
Vermiculite (Asahi Kagaku Kogyo Co., Ltd.) and allowed to 
grow for approximately one month at 23° C. under a light 
intensity of 100 uE/m/s with a photoperiod condition of 16 
hrs photoperiod/8 hrs dark period. 

After growing, leaves of individuals were frozen using 
liquid nitrogen. Subsequently, total RNA was extracted using 
the RNeasy Plant Mini Kit (manufactured by QIAGEN). 
Thereafter, cDNA was synthesized from the extracted total 
RNA using the ProSTAR First Strand RT-PCR Kit (manufac 
tured by STRATAGEN). 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
Based on the sequence of a putative open reading frame 

(ORF) gene present within an adjacent 10 kb of a structural 
gene having the nucleotide sequence (SEQ ID NO: 35) 
obtained in the above (2), a primer 141dF (SEQID NO:36) 
and a primer 141dR (SEQ ID NO:37) were designed for the 
putative structural gene, and PCR was then performed using 
these primers and the following reaction mixture (Table 8) 
containing Takara EX-Taq (manufactured by TAKARA BIO 
Inc.) employing the above synthesized cDNA as a template. 

TABLE 8 

Template (cDNA): 50 ng 
10x Ex Taq buffer (TAKARA BIO Inc.): 2 Il 
dNTPs: 200 M 
Each primer: 0.2 M 
Takara EX-Taq: 1 unit 

Total volume 20 ul 

Thirty cycles of 94° C. (30 sec)/55° C. (30 sec)/72° C. (60 
sec) were employed as the reaction conditions. 
The amplification product was cloned into the pGEM-T 

Easy vector (manufactured by Promega), and the nucleotide 
sequence was then determined using the ABI PRISM 310 
genetic analyzer (Applied Biosystems). As a result, a cDNA 
fragment of 857 bp was obtained (SEQIDNO: 1). This cDNA 
fragment was designated as AtMVR gene, and the pGEM-T 
Easy vector containing AtMVR gene was designated as pat 
MVR. The amino acid sequence encoded by the AtMVR gene 
is shown in SEQID NO: 2. 

Example 2 

Search for AtMVR Homologous Gene with Respect 
to AtMVR Gene 

The search was made on databases having the entire nucle 
otide sequence of Arabidopsis thaliana based on the nucle 
otide sequence of the AtMVR gene and found that in addition 
to the nucleotide sequence of the AtMVR gene there are 13 
AtMVR homologous genes on the Arabidopsis thaliana 
genome. 

The respective AtMVR homologous genes were desig 
nated as AtMVR3-1 to AtMVR3-13. The nucleotide 
sequence of each of the AtMVR homologous genes and the 
putative amino acid sequence encoded by the relevant 
AtMVR homologous gene are shown by the SEQ ID NOS. 
listed in Table 9 below. Table 9 also lists the results of homol 
ogy analysis between the AtMVR gene and each AtMVR 
homologous gene. The homology analysis was conducted 
using BLAST Pat the amino acid level. The term "Identities’ 
refers to 100% correspondence in terms of amino acids. 
Amino acids may be classified based on the chemical prop 
erties of their side chains. In the BLOSUM62 amino acid 
Substitution matrix, amino acids are classified into: an amino 
acid with a mercapto group (C); hydrophilic amino acids that 
have low molecular weights (S.T. P. A. G); acidic amino acids 
(N, D, E, Q); basic amino acids (H. R. K); hydrophobic amino 
acids that have low molecular weights (M. I. L. V); and 
aromatic amino acids (F. Y. W). In Table 9, the term “Identi 
ties’ refers to 100% correspondence in terms of amino acids 
and the term "Positives' refers to the numerical value when 
amino acids having a positive score in the BLOSUM 62 
amino acid substitution matrix are added to those having 
100% correspondence. 
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TABLE 9 

Name of AtMVR 
homologous gene Nucleotide sequence Amino acid sequence Identities (%) 

AtMVR3-1 SEQID NO: 4 SEQID NO: 5 57 
AtMVR3-2 SEQID NO: 6 SEQID NO: 7 55 
AtMVR3-3 SEQID NO: 8 SEQID NO: 9 39 
AtMVR3-4 SEQID NO: 10 SEQID NO: 11 39 
AtMVR3-5 SEQID NO: 12 SEQID NO: 13 37 
AtMVR3-6 SEQID NO: 14 SEQID NO: 15 36 
AtMVR3-7 SEQID NO: 16 SEQID NO: 17 34 
AtMVR3-8 SEQID NO: 18 SEQID NO: 19 34 
AtMVR3-9 SEQID NO: 20 SEQID NO:21 37 
AtMVR3-10 SEQID NO: 22 SEQID NO:23 25 
AtMVR3-11 SEQID NO: 24 SEQID NO:25 33: 
AtMVR3-12 SEQID NO: 26 SEQID NO: 27 25 
AtMVR3-13 SEQID NO: 28 SEQID NO:29 22 

20 

Positives (%) 

70 
69 
56 
55 
S4 
52 
52 
51 
58 
44 
51: 
41 
41 

*The comparison with AtMVR3-11 shows the result of homology comparison with a partial 
sequence of AtMVR3-11. 

As shown in Table 9, homology between AtMVR and the 
13 AtMVR homologous genes ranged from 22 to 57% for 
Identities and from 41 to 70% for Positives. 

Example 3 

Construction of AtMVR Expression Vector for Plant 
and Production of AtMVR Transgenic Plant 

The transformation techniques applied herein were in 
accordance with a vector system described by Pellegrineschi 
et al. (Biochemical Society Transitions 23, 247-250, 1995) 
based on the Agrobacterium gene transport system outlined 
by Hinchee et al. (Plant Cell and Tissue Culture, pp. 231-270, 
Eds. I. K. Vasil, T. A Thorpe, Kluwer Academic Publisher, 
1994). 
(1) Construction of AtMVR Expression Vector for Plant 
The AtMVR gene sequence was excised from p AtMVR 

using SacI/SacII and subcloned into pBlueScript (STRAT 
AGENE). Subsequently, a fragment containing the AtMVR 
gene sequence was cleaved with Xbal/SacI and introduced at 
Xbal/SacI site that is present downstream of the CaMV 35S 
promoter of plBI121 (manufactured by Clontech). The result 
ing vector was used below as an AtMVR expression vector for 
plant. 

(2) Production of AtMVR Transgenic Plant 
The AtMVR expression vector for plant produced in the 

above (1) was introduced into Agrobacterium tumefaciens 
LBA4404 strain by the electroporation method (Plant 
Molecular Biology Manual, Second Edition, B. G. Stanton, 
A. S. Robbert, Kluwer Academic Publishers, 1994). Subse 
quently, the Agrobacterium tumefaciens having the AtMVR 
expression vector for plant introduced therein was introduced 
into wild-type Arabidopsis thaliana ecotype Col-0 by an 
infiltration method described by Clough et al. (The Plant 
Journal 16: 735-743, 1998). 

Transformants were screened in a kanamycin-containing 
medium, and a T3 generation plant (homozygous line having 
1 AtMVR gene introduced) was produced by self-pollination. 

Next, the amount of the introduced AtMVR gene expressed 
was examined. Seeds of a transformant produced as described 
above and a non-transformant were respectively planted in 
pots containing Vermiculite (Asahi Kagaku Kogyo Co., Ltd.) 
and allowed to grow for approximately one month under a 
light intensity of 100 uE/m/s at 23°C. with a photoperiod 
condition of 16 hrs photoperiod/8 hrs dark period. 
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After growing, total RNA was extracted from the transfor 
mant and the wild-type Arabidopsis thaliana ecotype Col-0 
non-transformant using the RNeasy Plant Mini Kit 
(QIAGEN). Thereafter, 1 g of RNA was subjected to reverse 
transcription using the ProSTAR First Strand RT-PCR Kit 
(STRATAGEN). PCR was then performed using the follow 
ing reaction mixture (Table 10) containing Takara EX-Taq 
(TAKARA BIO) employing /so volume of the synthesized 
cDNA as a template and using primers for the AtMVR gene 
(primer 141d 1 (SEQID NO:38) and primer 141d2 (SEQID 
NO:39)). 

TABLE 10 

PCR reaction mixture: 

Template (cDNA): 50 ng 
10x Ex Taq buffer (TAKARA BIO Inc.): 2 Il 
dNTPs: 200 M 
Each primer: 0.2 M 
Takara EX-Taq: 1 unit 

Total volume 20 ul 

Thirty cycles of 94° C. (30 sec)/55° C. (30 sec)/72° C. (60 
sec) were employed as the reaction conditions. 
The amplification products were subjected to electrophore 

sis on agarose gel. FIG. 1 shows the results of electrophoresis. 
As can be seen from FIG. 1, in comparison to the non-trans 
formant, the produced transformant overexpressed the 
AtMVR gene. 

Example 4 

Evaluation of Paraquat Resistance of AtMVR Gene 
Transformant 

Seeds derived from the produced AtMVR gene transfor 
mant and non-transformant (wild-type Arabidopsis thaliana 
ecotype Col-0) were sterilely inoculated in /2 MSagar (1%) 
medium (2.3 ul of Murashige and Skoog Plant Salt Mixture 
(Wako Pure Chemical Industries Ltd.), 1.5 mg/l of thiamine 
hydrochloride, 2.5 mg/l of nicotinic acid, 0.25 mg/l of pyri 
doxine hydrochloride, 1.5% of sucrose) containing 3 uM of 
paraquat (methyl viologen (Sigma Chemical Co.)), and cul 
tured for eight days at 22°C. under irradiation of light of 60 
umol/m/s (cycle of 16 hrs photoperiod/8 hrs dark period). 
After culture, the growth of germinated individuals was 
evaluated. The results are shown in FIG. 2, wherein FIG. 2B 
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is a photograph showing growth of an AtMVR gene transfor 
mant and a non-transformant in a /2 MS culture medium 
without paraquat, and FIG. 2C is a photograph showing 
growth of an AtMVR gene transformant and a non-transfor 
mant in a /2 MS culture medium with paraquat. FIG. 2A is a 
schematic diagram showing the location of the AtMVR gene 
transformant and the non-transformant in FIGS. 2B and 2C. 
As can be seen from FIG.2B, the results showed that in the 

culture medium without paraquat, the AtMVR gene transfor 
mant exhibited the same growth as the non-transformant. 
Meanwhile, as can be seen from FIG. 2C, in a medium con 
taining paraquat the non-transformant developed chlorosis 
and died, i.e. growth was remarkably inhibited, while in con 
trast the seedling of the AtMVR gene transformant was able 
to grow. Thus, it was confirmed that in a medium without 
paraquat, the AtMVR gene transformant exhibited the same 
growth as a non-transformant regardless of expression of the 
AtMVR gene, and also that in a medium with paraquat, the 
AtMVR gene transformant had clearly greaterparaquat resis 
tance than the non-transformant. 

Example 5 

Isolation of Vascular Tissue/Trichome-specific 
Promoter 

Seeds of Arabidopsis thaliana (Arabidopsis thaliana 
ecotype Columbia (Col-0)) were planted in pots containing 
Vermiculite (Asahi Kagaku Kogyo Co., Ltd.) and allowed to 
grow for approximately one month under a light intensity of 
100 uE/m/s at 23°C., under a photoperiod condition of 16 
hrs photoperiod/8 hrs dark period. 

After growing, genome DNA was prepared from leaves of 
individuals using DNeasy Plant Mini Kit (QIAGEN). Next, 
PCR was performed using the following reaction mixture 
(Table 11) containing Takara EX-Taq (TAKARA BIO Inc.) 
employing the obtained genome DNA as a template and using 
a primer 141dpF (SEQ ID NO: 40) and a primer 141dpR 
(SEQ ID NO: 41) based on the AtMVR gene fragment (SEQ 
ID NO:35) described in above Example 1 under the reaction 
conditions described below. 

TABLE 11 

Template genome DNA: 50 ng 
10x Ex Taq buffer (TAKARA BIO Inc.): 2 Il 
dNTPs: 200 M 
Each primer: 0.2 M 
Takara EX-Taq: 1 unit 
Total volume 20 ul 

The reaction conditions were thirty cycles of 94° C. (30 
sec)/55° C. (30 sec)/72°C. (60 sec). 
The amplification product was cloned into pGEM-T Easy 

vector (Promega Corp.) and the nucleotide sequence was then 
determined using the ABI PRISM 310 genetic analyzer (Ap 
plied Biosystems). As a result, an AtMVR promoter of 1722 
bp (SEQID NO:3) was obtained. 

Example 6 

Analysis of Tissue Specificity of Vascular 
Tissue/Trichome-specific Promoter 

(1) Construction of Expression Vector Having AtMVR Pro 
moter 

The AtMVR promoter was excised from the pGEM-T Easy 
vector having the AtMVR promoter (SEQ ID NO: 3) pro 
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22 
duced in Example 5 using HindIII/PstI and then subcloned 
into the upstream region of CaMV 35S promoter of plBI221 
(Clontech). The resulting vector was treated with PstI/SmaI 
to remove the CaMV 35S promoter, and the ends were 
blunted using DNAT4 polymerase (TAKARA BIO Inc.) and 
allowed to self-ligate. As a result, the AtMVR promoter was 
ligated into the vector upstream of the B-Glucuronidase 
(GUS) gene. Subsequently, a fragment containing the 
AtMVR promoter and the GUS gene was excised from the 
above vector using HindIII/EcoRI, and then substituted for 
CaMV35S promoter-R-GUS geneofpbI121 (Clontech). The 
vector thus obtained was employed as an expression vector 
having the AtMVR promoter for use below. 
(2) Production of Transgenic Plant 

In a similar manner to Example 3(2), the above expression 
vector having the AtMVR promoter was introduced into 
Agrobacterium tumefaciens LBA4404 strain, and this was 
then introduced into wild-type Arabidopsis thaliana ecotype 
Col-0 by the infiltration method. Thereafter, transformants 
were screened in a kanamycin-containing medium, and a T3 
generation plant was produced by self-pollination. 

(3) Analysis of Tissue Specificity of AtMVR Promoter 
Seeds derived from the transformant produced in the above 

(2) were sterilely inoculated in /2 MSagar (1%) medium (2.3 
g/l of Murashige and Skoog Plant Salt Mixture (Wako Pure 
Chemical Industries Ltd.), 1.5 mg/l of thiamine hydrochlo 
ride, 2.5 mg/l of nicotinic acid, 0.25 mg/l of pyridoxine 
hydrochloride, 1.5% of sucrose), and cultured at 22°C. under 
irradiation of light of 60 LE/m/s (cycle of 16 hrs photope 
riod/8 hrs dark period) for approximately 7 days. 

After culture, transformants that grew were fixed with 
acetone. A reaction mixture containing 5-brome-4-chloro-3- 
indolyl-B-D-glucuronide (X-Gluc) was added to the fixed 
tissue so as to immerse the entire tissue. The composition of 
the reaction mixture was: 1.9 mM of X-Gluc, 0.5 mM of 
KFe(CN), 0.5 mM of KFe(CN), and 0.3% of Triton 
X-100. 
The container was then sealed and incubated overnight in a 

37° C. incubator. Thereafter, 70% ethanol was added to the 
mixture to terminate the reaction, and coloring was observed. 
(Shokubutsu No Saibo Wo Miru Jikken Purotokoru (Proto 
cols of Experiments for Observing Cells of Plants), Eds. 
Fukuda H. Nishimura M., & Nakamura K. (1997), pp 71-79. 
Shujunsha Co., Ltd., Tokyo). The results are shown in FIGS. 
3 to 5, wherein FIGS. 3 to 5 are photomicrographs of an entire 
transformant, a leaf of a transformant, and a root of a trans 
formant, respectively. 
As can be seen from FIGS. 3 to 5, specific coloring was 

observed in the vascular tissue and trichome. Thus, it was 
confirmed that the obtained AtMVR promoter (SEQID NO: 
3) is a transcriptional promoter having tissue-specific tran 
Scriptional activity in a vascular tissue and trichome. 
Free Text for Sequence Listing 
SEQ ID NOS: 31 to 41 are primers. 
In SEQID NO:34, n represents a, g, c, ort (location: 1 and 

11), S represents g or c (location: 7), and w represents a ort 
(location: 8 and 13). 

In SEQID NO:35, in represents a, g, c, ort (location: 13,35, 
73, 108, 156, 190, 198 and 201). 

INDUSTRIAL APPLICABILITY 

According to the present invention there is provided a 
paraquat resistance gene and a vascular tissue- and trichome 
specific promoter. A paraquat resistance gene according to the 
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present invention is capable of imparting resistance that is Further, the vascular tissue- and trichome-specific pro 
specific to paraquat without affecting growth regulation that moter according to the present invention enables the regula 
undergoes control by the generation of active oxygens under tion of gene expression in a vascular tissue and trichome of a 
various environments. plant. 

SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS: 41 

<210 SEQ ID NO 1 
<211 LENGTH: 855 
&212> TYPE: DNA 

<213> ORGANISM: Arabidopsis thaliana 

<4 OO SEQUENCE: 1 

cittcttcaat catcaccatg gtacgttitta gtaacagtct td taggaata ct caacttct 60 

togtott cot totct cqgtt cocatact ct caac cqgaat ctdgct cagc cittaaa.gc.ca 12O 

cgacgcaatig cdagagattic ct cqacaaac ccatgat cqc totcggtgtt titcc to atga 18O 

taatcgcaat cqctggagtic gttggat Ctt gttgcagagt gacgtggctt Ctctggtc.ct 24 O 

atctotttgt gatgttct t c ttaatcc to a togt cct ctd ttt cac catc tittgcc titcg 3 OO 

ttgtcactag talaaggctcc gg.cgaalacta to Caaggaaa agcttataag gagtataggc 360 

tdgaggctta ct ctgattgg ttgcagaggc gtgttgaacaa cqctaa.gcat tdgaac agca 42O 

ttagaagctg. tctittatgag agcaagttct gttataactt ggagittagt c actgctaatc 48O 

acactgttt c tdatttctac aaagaagat c to actgcttt tdagt ctdgt togctgcaa.gc 54 O 

cct ctaatga citgtgacttic acctacataa cittcaacaac ttggaataaa acat caggaa 6 OO 

cacataaaaa ct cagattgc caactittggg acaacgaaaa goataagctt togctacaatt 660 

gcaaagcct g caaggc.cggit tttct caca acct Caaggc cqcatggaaa agagttgcta 72O 

ttgtcaa.cat catttitcctt gtact cotcg ttgtcgt.cta cqctatggga tigttgcgctt 78O 

to cqaaacaa caaagaagat agatatggcc gttccaatgg tttcaacaat tcttgatttg 84 O 

cgc.cggttca agcta 855 

<210 SEQ ID NO 2 
<211 LENGTH: 272 
&212> TYPE: PRT 

<213> ORGANISM: Arabidopsis thaliana 

<4 OO SEQUENCE: 2 

Met Val Arg Phe Ser Asn Ser Lieu Val Gly Ile Lieu. Asn Phe Phe Val 
1. 5 10 15 

Phe Leu Lleu Ser Val Pro Ile Leu Ser Thr Gly Ile Trp Leu Ser Lieu. 
2O 25 3O 

Lys Ala Thir Thr Glin Cys Glu Arg Phe Lieu. Asp Llys Pro Met Ile Ala 
35 4 O 45 

Lieu. Gly Val Phe Lieu Met Ile Ile Ala Ile Ala Gly Val Val Gly Ser 
SO 55 6 O 

Cys Cys Arg Val Thir Trp Leu Lleu Trp Ser Tyr Lieu Phe Val Met Phe 
65 70 7s 8O 

Phe Lieu. Ile Lieu. Ile Val Lieu. Cys Phe Thir Ile Phe Ala Phe Val Val 
85 9 O 95 

Thir Ser Lys Gly Ser Gly Glu Thir Ile Glin Gly Lys Ala Tyr Lys Glu 
1OO 105 110 

Tyr Arg Lieu. Glu Ala Tyr Ser Asp Trp Lieu. Glin Arg Arg Val Asn. Asn 
115 12O 125 



Ala 

Cys 
145 

Asn 

Ser 

His 

Asn 
225 

Lell 

Asn 

Lys 
13 O 

Asp 

Gly 

Lys 
21 O 

Luell 

Wall 

Asn 

His 

Asn 

Glu 

Thir 
195 

Luell 

Luell 

25 

Trp Asn. Ser Ile Arg 
135 

Lieu. Glu Lieu Val Thr 
150 

Asp Lieu. Thir Ala Phe 
1.65 

Asp Phe Thr Tyr Ile 
18O 

His Lys Asn. Ser Asp 

Cys Tyr Asn. Cys Llys 
215 

Ala Ala Trp Lys Arg 
23 O 

Leu Val Val Val Tyr 
245 

Glu Asp Arg Tyr Gly 
26 O 

<210 SEQ ID NO 3 
<211 LENGTH: 1722 
&212> TYPE: DNA 

<213> ORGANISM: Arabidopsis thal 

<4 OO SEQUENCE: 3 

agccaagctt gtacattaac 

tt to tcc cat 

togtttct ct 

taaagttaat 

acagaattga 

ttittagaaaa 

gcagagaaag 

tcqtaatctt 

acattgttac 

caaagaggaa 

titcCataatc. 

atgatttggit 

aataccaaaa. 

atagactaat 

gtgataaaag 

tttitt tot ct 

atatatatat 

at Cttatato 

gtcggCtttg 

tatttgat ct 

agagtttgtc. 

gaggittittga 

acattttata 

taalgacaa.gc 

cgtgattgttg 

ttgatgtaag 

agaaataaaa 

tggtggtgta 

acggtc.ca.gc 

tatago agct 

actatogtaga 

cittitttittag 

tgataacgtt 

taattaaatg 

gatgtagcta 

titatgaaacg 

gttcttittgg 

aatgatgcat 

cgt.ctaggta 

accatalacgc 

agagittaagt 

tittagttt ca 

ttggcaaaat 

cgtgactatt 

tgatt cqttt 

aaaaaccaa 

ttaatcttga 

gcagdaaata 

taaaaaaaag 

cggta accgt. 

tgttgaagtac 

at agtatago 

agtttctitat 

tatgtgaagg 

ttcact coac 

attggittagt 

agcatttatt 

attaaaat at 

cgatttggitt 

ttgcatctga 

gggattitt at 

agagatatag 

ggagatat at 

agttgagaat 

atccaaaagg 

Ser Cys Lieu. 

Ala Asn His 
155 

Glu Ser Gly 
17O 

Thir Ser Thir 
185 

Cys Glin Lieu. 

Ala Cys Llys 

Wall Ala Ile 
235 

Ala Met Gly 
250 

Arg Ser Asn 
265 

iana 

attattattt 

cittittaggat 

aaaaggacag 

aatgt atttg 

titt to ct acc 

ggaataagga 

tggat.ccgat 

t catgccacg 

Ctatt Caatc. 

cittatag titt 

tgaaggtgag 

taattatata 

gcc ttagtgg 

tgggatcatc 

aaaataacco 

tagttcgitta 

ggalacatata 

aaatcatttg 

aactagottt 

agtgtttittg 

atalaggcaag 

CCC aaac Cala 
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Tyr 
14 O 

Thir 

Cys 

Thir 

Trp 

Ala 

Wall 

Gly 

Glu Ser Llys Phe 

Wall 

Trp 

Asp 
2O5 

Gly 

Asn 

Phe 

Ser 

Asn 
19 O 

Asn 

Phe 

Ile 

Ala 

Asn 
27 O 

ttaatgaaat 

tattataaaa. 

CCt attatac 

aacatttittg 

aaaataattit 

Cagctgggaa 

gagga attta 

titat citt ct c 

atttgtattt 

citcaagttctt 

tittag tatgt 

Ctt Cagaagg 

agacitttitta 

actgtttgaa 

tacaaaaCat 

CactCtaaat 

att coggitta 

tgtcatcatg 

tact talactt. 

ttagattatt 

aggagactict 

gtcgaag.ccc 

Asp Phe 
160 

Pro Ser 
17s 

Lys Thr 

Glu Lys 

Lieu. Asp 

Ile Phe 
24 O 

Phe Arg 
255 

Asn. Ser 

tatt t t t t to 

tctaaatgat 

cgcgittaatt 

titt tot taat 

gttagggat C 

gagtgggaca 

atalaagg tag 

Caccgacagt 

taatggtaag 

ttagttittgg 

gatttittagt 

at agtaatag 

accattcta 

aacgtgaaat 

tatgtaccgt. 

gtt attgcag 

acact tccala 

cgittatgctt 

ttagattitat 

ggtggatgttg 

gaggcaatca 

atctogtaca 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

108 O 

114 O 

12 OO 

126 O 

132O 

26 



aaaaaagaaa 

aaacttittat 

gtgagagitta 

gactgaaa.ca 

atago cataa 

titt cact t to 

ttittggitttc 

gagatctgta 

tagt caaaat 

tgagacattc 

gaaacaa.gc.c 

alaggtaat at 

actittataaa. 

to Caaatctt 

SEQ ID NO 4 
LENGTH: 822 
TYPE: DNA 

ORGANISM: Arabidopsis thaliana 

SEQUENCE: 4 

atggct cqtt gtagcaacaa 

atcc caat Ct 

titcc tagaca 

ctaataggitt 

cittittgattic 

gctggtgaag 

tggittacaga 

gaga.gcaaag 

tacaaggaac 

titcgagtacg 

gactgccaaa 

gcgggit ctac 

titccttgttct 

agggatgaca 

tagctggtgg 

alaccagtgat 

Catgttgtag 

tcc ttgttgtt 

Ctattgaagg 

aacgtgttga 

tttgttctaa 

atct tactgc 

taalaccCaac 

Cctgggacaa 

tcqacaacgt. 

t cott cat cat 

gttatt cocq 

<210 SEQ ID NO 5 
<211 LENGTH: 272 
&212> TYPE : 

<213> ORGANISM: Arabidopsis thaliana 
PRT 

<4 OO SEQUENCE: 5 

Met 
1. 

Phe 

Lell 

Cys 
65 

Lell 

Thir 

27 

agaaaaaata 

citt caat citt 

cittaatagca 

tttgttgaag 

acgaaattitc 

to Caaatcto 

Caaat Ctt Ct 

t ct cqtaggg 

aatctggcta 

tgct cittggit 

agt cacatgg 

ctgtataa.ca 

aaaaggittat 

gaatggtaaa 

gcttgaagcc 

tott cagt ct 

aac Ctggacc 

cgcaaaagaa 

caaaag.cgct 

tgtctact ct 

tacctacgga 

Ala Arg Cys Ser Asn. Asn Lieu 

Luell 

Gly 

Gly 
SO 

Luell 

Asn 

5 

Lieu. Ser Ile Pro Ile Lieu. 

Ser 
35 

Wall 

Arg 

Ile 

Thr Glu. Cys Glu Arg 
4 O 

Phe Leu Met Wal Wall 
55 

Val Thir Trp Lieu. Leu 
70 

Lieu. Lieu Val Phe Cys 
85 

Gly Ala Gly Glu Ala 

ttctittgata 

taaaaactict 

ttact Cacala 

t cittgaagaa 

titcgctaatc 

c ctitcgaaaa 

toaat Catca 

a tact Caatt 

agccaaaaag 

gttitt cotta 

cittctittggg 

gtttittgcct 

aaagagtata 

aattggaata 

aagtttgtta 

ggttgctgca 

aagaacacaa 

aagct ctdct 

tggaagaaag 

gttggttgct 

tataagc citt 

Val Gly Ile 
1O 

Ala Gly Gly 
25 

Phe Lieu. Asp 

Ala Ile Ala 

Trp Val Tyr 

Ile Thir Wall 
90 

Ile Glu Gly 
105 
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ttcttacaaa aataagtgta 

cat cact cot acgaaag.cgc 

gtcacaagtt caaaacgtct 

gagacattag tact.cgt.cgt. 

tott cacct t c ct citacgc.g 

Cataatcaca Calaat CCCtt 

cc. 

tcc tag tatt tottct citcg 

ggt caacaga gtgttgaaaga 

tggttgtagc aatagctggit 

tittat ct citt tdt catgttc 

ttgttgttac taacaaagga 

aacttggtga t tact citact 

agattaggag ttgtc.ttgttg 

atgttcc tdt caatagittt c 

aac Cttcaga tigaatgtggit 

cgggalacaca cactaatcca 

tcqattgtca atc.ttgtaaa 

ttgcaatcqt taa catcgt.c 

gtgctitt cag gaacaacaag 

ga 

Lell 

Ile 

Gly 
60 

Lell 

Phe 

Asn 

Trp 

Pro 
45 

Lell 

Phe 

Ala 

Gly 

Phe Lieu. Wall 
15 

Lieu. Ser Glin 
3 O 

Wall Ile Ala 

Ile Gly Ser 

Wal Met Phe 
8O 

Phe Wal Wall 
95 

Tyr Lys Glu 
11 O 

1380 

144 O 

15OO 

1560 

162O 

168O 

1722 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

822 

28 



Ser 
145 

Glu 

Thir 

Glu 

Asn 
225 

Lell 

Asn 

Asn 
13 O 

Glu 

Gly 

Lys 
21 O 

Wall 

Wall 

Asn 

Luell 
115 

Trp 

Luell 

His 

Gly 

Thir 
195 

Luell 

Phe 

29 

Gly Asp Tyr Ser Thr 
12 O 

Asn Lys Ile Arg Ser 
135 

Glu Ala Llys Phe Val 
150 

Lieu. Thir Ala Lieu. Glin 
1.65 

Phe Glu Tyr Val Asn 
18O 

His Thr Asn Pro Asp 

Cys Phe Asp Cys Glin 
215 

Ser Ala Trp Llys Llys 
23 O 

Lieu. Ile Ile Val Tyr 
245 

Arg Asp Asp Ser Tyr 
26 O 

<210 SEQ ID NO 6 
<211 LENGTH: 792 
&212> TYPE: DNA 

<213> ORGANISM: Arabidopsis thaliana 

<4 OO SEQUENCE: 6 

atggttcagt gtagcaacaa 

atcc caattic 

titcc togaca 

cit cott cattic 

gcc.ggtgagg 

tggttgcaga 

tact ctdacg 

tacaaatcta 

ttcaccitatg 

tgtaatgtgt 

ggtctgcttg 

cit catatt co 

cgcagttggit 

t ct cogcc.gg 

alaccalatggit 

ttatat cqga 

aacgtgtcaa 

tittgct coac 

atc.ttaatgc 

tgaaccc.gac 

gggacaacaa 

acaa.catcaa. 

t cattatcgt. 

a.a. 

<210 SEQ ID NO 7 
<211 LENGTH: 263 
&212> TYPE : 

<213> ORGANISM: Arabidopsis thaliana 
PRT 

<4 OO SEQUENCE: 7 

t ct cotcgga 

gatctggctic 

cgtact.cgga 

tgtct cittgc 

ctgttt caca 

tcgagggitat 

Caatgctaag 

ttatcgtact 

tott cagt ct 

tacttggaca 

accaggaact 

gaact catgg 

c tact ctdtt 

Lieu. Glin Lys 

Cys Lieu Val 

Asn. Wall Pro 
155 

Ser Gly Cys 
17O 

Pro Thir Thir 
185 

Cys Glin Thr 

Ser Cys Llys 

Wall Ala Ile 
235 

Ser Val Gly 
250 

Ser Arg Thr 
265 

atcCt caatt 

ggcaaaaatg 

a tott cott ca. 

ctic ct ctdgc 

atc.tt cqctt 

aaagagtatic 

aattgggaac 

cgittatgc.ca 

ggttgttgta 

aag actic ctd 

citctgctacg 

aaaaaggtgg 

ggttgttgttg 
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Arg 

Glu 
14 O 

Wall 

Cys 

Trp 

Trp 

Ala 

Wall 

Tyr 

Wall 
125 

Ser 

Asn 

Thir 

Asp 
2O5 

Gly 

Asn 

Gly 

Glu 

Lys 

Ser 

Pro 

Lys 
19 O 

Asn 

Luell 

Ile 

Ala 

Tyr 
27 O 

tott cacatt 

Cagcaa.ccga 

tgttcgt.ctic 

tt tacct citt 

tcqcagt cac 

atgtc.gc.cga 

ggat Caggag 

gcattaacgt. 

agc.cgt.ccala 

gtc. catacaa 

actgtgaagc 

Ctalaggt caa 

cgttcaggaa 

Asin Gly 

Val Cys 

Phe Tyr 
160 

Ser Asp 
17s 

Asn. Thir 

Ala Lys 

Lieu. Asp 

Wall Phe 
24 O 

Phe Arg 
255 

Llys Pro 

c ct cost ct ca. 

atgcgaacgt. 

aatcgc.cgga 

cgctatott c 

aalacc.gcggc 

ttact Ctaat 

ttgtttgatg 

tgaagatttic 

tgactgtaac 

aaacgaggac 

Ctgcaaggct 

cattgtc.ttic 

caa.caggaaa 

Met Val Glin Cys Ser Asn Asn Lieu. Leu Gly Ile Lieu. Asn Phe Phe Thr 
1. 5 15 

Phe Lieu. Lieu. Ser Ile Pro Ile Lieu. Ser Ala Gly Ile Trp Lieu. Gly Lys 
25 3 O 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

792 

30 



Asn 

Lell 

Cys 
65 

Lell 

Thir 

Ala 

Cys 
145 

Asn 

Pro 

Gly 

Asn 
225 

Lell 

Asn 

Ala 

Gly 
SO 

Luell 

Asn 

His 

Lys 
13 O 

Ser 

Asp 

Gly 

Thir 
21 O 

Ile 

Ile 

Asn 

Ala 
35 

Ile 

Arg 

Ile 

Arg 

Wall 
115 

Asn 

Thir 

Ser 

Pro 
195 

Luell 

Phe 

Arg 

31 

Thr Glu. Cys Glu Arg 
4 O 

Phe Leu Met Phe Wall 
55 

Val Ser Cys Lieu. Lieu. 
70 

Lieu. Lieu. Gly Phe Cys 
85 

Gly Ala Gly Glu Val 

Ala Asp Tyr Ser Asn 
12 O 

Trp Glu Arg Ile Arg 
135 

Tyr Arg Thr Arg Tyr 
150 

Asn Lieu. Asn Ala Lieu. 
1.65 

Asin Phe Thr Tyr Val 
18O 

Tyr Lys Asn. Glu Asp 

Cys Tyr Asp Cys Glu 
215 

Asn Ser Trp Llys Llys 
23 O 

Lieu. Ile Ile Val Tyr 
245 

Lys Arg Ser Trp 
26 O 

SEQ ID NO 8 
LENGTH: 984 
TYPE: DNA 

ORGANISM: Arabidopsis thaliana 

SEQUENCE: 8 

atgagat.cga gaagta acct 

ccitat cotcg 

titcc to cagt 

atcgc.cggag 

tttgtaatcg 

t caggc.cggit 

tggittaaagg 

gattctggag 

atgttt tact 

tgtggctata 

alacc.cggact 

tgtaaag.ccg 

atcgtggttg 

gC9gtggaat 

ggccact cat 

cittgttacca 

ctgctic titat 

ttgttgatgaa 

accotgtcac 

tttgtaagaa 

t cagaaatct 

cgitacgtgaa 

gtatgttgttg 

gtgttcttgg 

tgat catact 

tataggtotc 

atggcttagc 

tat catcgga 

aaacaagttc 

aggatt caca 

cc.gtcggitat 

agataatgga 

gattggalaga 

ttctoctott 

cgaga cagtg 

gaacaatgac 

tagcttgaaa 

tgttatctitc 

Phe Lieu. Asp 

Ser Ile Ala 

Trp Leu Tyr 
7s 

Phe Thir Ile 
90 

Ile Ser Asp 
105 

Trp Lieu. Glin 

Ser Cys Lieu. 

Ala Ser Ile 
155 

Glin Ser Gly 
17O 

Asn. Pro Thir 
185 

Cys Asn. Wall 

Ala Cys Llys 

Val Ala Lys 
235 

Ser Val Gly 
250 

ataaact tct 

agc.cgagcta 

at atcaatca 

Ct catgtggc 

atc.tt cqctt 

cittgattatt 

tattggagag 

gatttaaatg 

gagt ccggat 

tggatt.ccgg 

cagagacitac 

aagagttgga 

tatgtcatcg 
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Lys 

Gly 
60 

Lell 

Phe 

Arg 

Met 
14 O 

Asn 

Thir 

Trp 

Ala 
22O 

Wall 

Pro 
45 

Lell 

Phe 

Ala 

Gly 

Arg 
125 

Wall 

Trp 

Asp 
2O5 

Gly 

Asn 

Met 

Wall 

Ala 

Phe 

Tyr 
11 O 

Wall 

Ser 

Glu 

Thir 
19 O 

Asn 

Luell 

Ile 

Ala 

t cact t t cott 

act caac cqa 

tggtcatatic 

tt tacct titt 

acg tagttac 

atctoraatga 

at atcggat.c 

gtgttcCaga 

gaggagalaat 

tctgttacca 

gaaaagttctic 

Wall Wall 

Gly Ala 

Met Phe 
8O 

Ala Wall 
95 

Lys Glu 

Asn. Asn 

Asp Wall 

Asp Phe 
160 

Pro Ser 
17s 

Lys Thr 

Llys Pro 

Lieu. Asp 

Wall Phe 
24 O 

Phe Arg 
255 

cctgtcgatt 

ttgcct caga 

tittagc.cgga 

cac catgttc 

tgataaaggc 

ttatt coggit 

gtgttgttaga 

aactgct cat 

gccaacagat 

ggtgggaccg 

atgcagotct 

ggtgatcaac 

ttaccagaat 

6 O 

12 O 

18O 

24 O 

3OO 

360 

48O 

54 O 

660 

72 O 

32 
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gttalagagga tigtataatga caac C9gtc. g.gtgaggcta ggatgaccala t ct catcct a 84 O 

gtcatttitca aatttalagga gattittggta cagtttittct tcggaattgt gtttitt atta 9 OO 

citctittaatg gtttaatggit ctdttgttgt aatgataaat ttgcttt tag tdttittcttic 96.O 

tittggatatgttacatatgc atga 984 

<210 SEQ ID NO 9 
<211 LENGTH: 327 
&212> TYPE: PRT 

<213> ORGANISM: Arabidopsis thaliana 

<4 OO SEQUENCE: 9 

Met Arg Ser Arg Ser Asn Lieu. Ile Gly Lieu. Ile Asn Phe Phe Thr Phe 
1. 5 1O 15 

Lieu. Lieu. Ser Ile Pro Ile Lieu. Gly Gly Gly Ile Trp Lieu. Ser Ser Arg 
2O 25 3 O 

Ala Asn. Ser Thr Asp Cys Lieu. Arg Phe Lieu. Glin Trp Pro Lieu. Ile Ile 
35 4 O 45 

Ile Gly Ile Ser Ile Met Val Ile Ser Lieu Ala Gly Ile Ala Gly Ala 
SO 55 60 

Cys Tyr Glin Asn Llys Phe Leu Met Trp Leu Tyr Lieu Phe Thr Met Phe 
65 70 7s 8O 

Phe Val Ile Ala Ala Lieu. Ile Gly Phe Thr Ile Phe Ala Tyr Val Val 
85 90 95 

Thir Asp Llys Gly Ser Gly Arg Phe Val Met Asn Arg Arg Tyr Lieu. Asp 
1OO 105 11 O 

Tyr Tyr Lieu. Asn Asp Tyr Ser Gly Trp Lieu Lys Asp Arg Val Thr Asp 
115 12 O 125 

Asn Gly Tyr Trp Arg Asp Ile Gly Ser Cys Val Arg Asp Ser Gly Val 
13 O 135 14 O 

Cys Llys Lys Ile Gly Arg Asp Lieu. Asn Gly Val Pro Glu Thir Ala His 
145 150 155 160 

Met Phe Tyr Phe Arg Asn Lieu Ser Pro Val Glu Ser Gly Cys Cys Lys 
1.65 17O 17s 

Pro Pro Thr Asp Cys Gly Tyr Thr Tyr Val Asn Glu Thr Val Trp Ile 
18O 185 19 O 

Pro Gly Gly Glu Met Val Gly Pro Asn Pro Asp Cys Met Leu Trp Asn 
195 2OO 2O5 

Asn Asp Glin Arg Lieu. Lieu. Cys Tyr Glin Cys Ser Ser Cys Lys Ala Gly 
21 O 215 22O 

Val Lieu. Gly Ser Lieu Lys Llys Ser Trp Arg Llys Val Ser Val Ile Asn 
225 23 O 235 24 O 

Ile Val Val Val Ile Ile Leu Val Ile Phe Tyr Val Ile Ala Cys Ala 
245 250 255 

Ala Tyr Glin Asn. Wall Lys Arg Met Tyr Asn Asp Glu Pro Val Gly Glu 
26 O 265 27 O 

Ala Arg Met Thr Asn Lieu. Ile Lieu Val Ile Phe Llys Phe Lys Glu Ile 
27s 28O 285 

Lieu Val Glin Phe Phe Phe Gly Ile Val Phe Leu Lleu Lleu Phe Asin Gly 
29 O 295 3 OO 

Lieu Met Val Cys Cys Cys Asn Asp Llys Phe Ala Phe Ser Val Phe Phe 
3. OS 310 315 32O 

Phe Gly Tyr Val Thr Tyr Ala 
3.25 

34 



<210 SEQ ID NO 10 
<211 LENGTH: 858 
&212> TYPE: DNA 

<213> ORGANISM: Arabidopsis thaliana 

<4 OO SEQUENCE: 10 

35 

atgagaacaa gcaaccatct cataggttta 

c caatcct cq 

tt cott caat 

titcgctggag 

ct catcatcg 

tccggit cqaa 

tggttgaaag 

gattctggtg 

atgttct tcc 

tgcggtttitt 

alaccaggact 

tgtaaagctg 

attgttggtac 

gtcaagagga 

agtcatttico 

Met 
1. 

Lell 

Ala 

Ile 

Cys 
65 

Lell 

Thir 

Asp 

Cys 
145 

Met 

gcggtggaat atggittaa.gc 

ggcctic to at cqt catcgga 

cittgttaccg taacaagttc 

ctgctic titat cqgttt catc 

cc.gtacttaa ccggggittat 

atcgagtttic tatgatagc 

Cttgtagaaa gattggaaga 

ttagaagact tagcc ctdtt 

catatgtgaa taga.ccgga 

gtatggtgtg gagcaacgac 

gtgttcttgg gagtttgaag 

titat cattct agittatctitt 

tcgataacga tigaac.cggct 

atctttga 

SEQ ID NO 11 
LENGTH: 285 
TYPE : 

ORGANISM: Arabidopsis thal 
PRT 

SEQUENCE: 11 

Arg Thir Ser Asn 

Luell 

Asn 

Gly 
SO 

Ile 

Asp 

Ser 
13 O 

Arg 

Phe 

Ser 

Ser 
35 

Ile 

Arg 

Ile 

Luell 
115 

Phe 

5 

Ile Pro 
2O 

Thir Asp 

Ser Ile 

Asn Llys 

Ala Ala 
85 

Gly Ser 

Glu Asp 

Trp Gly 

Ile Gly 

Lieu. Arg 
1.65 

His Lieu. Ile 

Ile Lieu. Gly 

Cys Lieu. Arg 
4 O 

Met Wal Wall 
55 

Phe Leu Met 
70 

Lieu. Ile Gly 

Gly Arg Thr 

Tyr Ser Gly 
12 O 

Lys Ile Ser 
135 

Arg Asn. Phe 
150 

Arg Lieu. Ser 

gtcaact tcc 

agc.cgagcta 

atctoaatca 

Cttatgtggc 

atc.tt cqctt 

cittgactatt 

tattggggta 

aattittaatg 

gagt ccggitt 

tgggacacga 

cagagcatgc 

aagagttgga 

tacgittatcg 

ggtgaagcta 

iana 

Gly Lieu Val 
1O 

Gly Gly Ile 
25 

Phe Leul Glin 

Ser Lieu Ala 

Trp Leu Tyr 

Phe Ile Ile 
90 

Wall Lieu. Asn 
105 

Trp Lieu Lys 

Ser Cys Lieu. 

Asin Gly Val 
155 

Pro Wall Glu 
17O 
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t cact t t cott 

act coaccoga 

tggtcgitatic 

tatacct agt 

acgcggittac 

atc.ttgaaga 

aaattagttc 

gtgtacctga 

gaggagggat 

tctgttatca 

gaaaagtatic 

cittatgcagc 

ggatgacaaa 

Asn 

Trp 

Trp 

Gly 
60 

Lell 

Phe 

Arg 

Asp 

Arg 
14 O 

Pro 

Ser 

Phe 

Lell 

Pro 
45 

Phe 

Wall 

Ala 

Gly 

Arg 
125 

Asp 

Glu 

Gly 

Luell 

Ser 
3 O 

Luell 

Ala 

Wall 

Tyr 
11 O 

Wall 

Ser 

Thir 

CCtect Calata 

ctgtttalaga 

tittagctgga 

agt catgctt 

agataaagga 

ttact ctdgt 

ttgtc.ttaga 

aactgctgat 

accaacagat 

gataggaccg 

gtgtagttct 

ggtgatcaac 

ttataggaat 

at Cacat CCt 

Thir Phe 
15 

Ser Arg 

Ile Wall 

Gly Ala 

Met Lieu. 
8O 

Ala Wall 
95 

Lieu. Asp 

Ser Asp 

Gly Ala 

Ala Asp 
160 

Cys Llys 
17s 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

858 

36 



Pro 

Thir 

Asn 

Wall 
225 

Ile 

Ala 

Ala 

Pro 

Arg 

Asp 
21 O 

Luell 

Wall 

Arg 

Thir 

Gly 
195 

Glin 

Gly 

Wall 

Arg 

Met 
27s 

37 

Asp Cys Gly Phe Ser 
18O 

Gly Met Ile Gly Pro 

Ser Met Lieu. Cys Tyr 
215 

Ser Lieu Lys Llys Ser 
23 O 

Lieu. Ile Ile Lieu Wall 
245 

Asn Val Lys Arg Ile 
26 O 

Thr Lys Ser His Pro 

<210 SEQ ID NO 12 
<211 LENGTH: 849 
&212> TYPE: DNA 

<213> ORGANISM: Arabidopsis thaliana 

<4 OO SEQUENCE: 12 

atgtacagat t cagdaacac 

attcCaat Ca 

citccagacgc 

at aggagc ct 

ct catcgcta 

ggagtggaag 

ttgaga.gaga 

tccaagacitt 

acttctgttc 

gtggacggag 

tgcgatgctt 

gttgttcaa.ca 

titcCacaa.ca 

agagtc.cgtc 

Ctt tactaa 

Met 
1. 

Lell 

Ser 

Gly 

tcggaaccgc 

cgctacttgt 

gcttcaacgt. 

CCCtaatggg 

tgcCagggag 

gagttaggga 

gtactaagat 

agtC9ggatg 

gaggagattg 

gCaaggctgg 

ttctogtoct 

citcgc.cacgc 

Ctcgttggga 

SEQ ID NO 13 
LENGTH: 282 
TYPE : 

ORGANISM: Arabidopsis thaliana 
PRT 

SEQUENCE: 13 

agittattggg 

tittatacaag 

tataggattic 

ggcatgggct 

tctaacgcta 

gatttataaa 

tcc tigagtat 

tgagt cttgg 

ttgtaagc.ca 

Ctt Cagatgg 

tgttct cqaa 

cgtccitcc to 

agct catcct 

ctatt actgg 

Tyr Arg Phe Ser Asn Thr Val 

Luell 

Ser 

Phe 
SO 

Ala 

Thir 
35 

Ile 

5 

Ser Ile Pro Ile Ile 

Thr Cys Glu Asn Phe 
4 O 

Ile Lieu. Ile Wal Ser 
55 

Tyr Val Asn 
185 

Asin Glin Asp 

Gln Cys Ser 

Trp Arg Llys 
235 

Ile Phe Tyr 
250 

Asp Asn Asp 
265 

Ser His Phe 

gtc.ttaalacc 

gcaagaa.gca 

at Catactica 

Ctttgggtgt 

tittggtctgg 

gagtataggc 

tggaact coa 

act acacttg 

ccgacggcgt. 

aacaatggag 

gagat CC9tc 

atcgcggtct 

taccatcCat 

tggagatggit 

Ile Gly Val 
1O 

Gly Thr Ala 
25 

Leul Glin. Thir 

Lieu Ala Gly 
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- Continued 

Glu Thr Gly 

Cys 

Ser 
22O 

Wall 

Wall 

Glu 

His 

Met 
2O5 

Ser 

Ile 

Pro 

Lell 
285 

19 O 

Wall 

Lys 

Wall 

Ala 

Ala 
27 O 

ttct cacott 

gcacgacatg 

tag titt.ccct 

act tagtggit 

tggtgacgag 

ttggagact a 

ttagaagctg 

attattt CCa 

gtacgitacga 

tggagatgtt 

tcgactggag 

citgatgataa 

ggcacgaaaa 

Lell 

Lell 

Pro 

Phe 
60 

Asn 

Tyr 

Lell 
45 

Ile 

Luell 

Lys 
3 O 

Luell 

Gly 

Trp Asp 

Trp Ser 

Ala Gly 

Ile Asn 
24 O 

Tyr Ala 
255 

Gly Glu 

actagoctog 

tgaaaacttic 

tgcgggattic 

catgatcttic 

cCaaggaggt 

t catc catgg 

tat cittgagt 

aagagacatg 

agctggagta 

atgctacgag 

aaagttatcg 

ttgctg.cgc.c 

cc.gcatgacc 

gaaagagcag 

Lieu. Thir 
15 

Ala Arg 

Wall Ile 

Ala Cys 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

849 

38 



Phe 
65 

Lell 

Ser 

Arg 

Glu 

Thir 
145 

Thir 

Glu 

Gly 

Lell 

Lell 
225 

Phe 

Asn 

Trp 

Asn 

Ile 

Glin 

Luell 

Tyr 
13 O 

Ser 

Ala 

Wall 

Glu 
21 O 

Wall 

His 

Arg 

Trp 

Wall 

Ala 

Gly 

Gly 
115 

Trp 

Ile 

Wall 

Gly 

Glu 
195 

Glu 

Luell 

Asn 

Met 

His 
27s 

Ala Trp 

Thir Lieu. 
85 

Gly Gly 
1OO 

Asp Tyr 

Asn. Ser 

Glu Ser 

Glin Ser 
1.65 

Wall Wall 
18O 

Met Leu 

Ile Arg 

Wall Lieu. 

Thr Arg 
245 

Thr Arg 
26 O 

Glu Lys 

SEQ ID NO 14 
LENGTH: 810 

TYPE: DNA 

ORGANISM: Arabidopsis thal 

SEQUENCE: 14 

39 

Ala Lieu. Trp 
70 

Met Gly Lieu. 

Wall Glu Wall 

His Pro Trp 
12 O 

Ile Arg Ser 
135 

Trp Thr Thr 
150 

Gly Cys Cys 

Asp Gly Gly 

Cys Tyr Glu 

Lieu. Asp Trp 
215 

Lieu. Ile Ala 
23 O 

His Ala Ala 

Val Arg Pro 

Lys Glu Glin 
28O 

atgc ctittaa gcaacaatgt aattggttgc 

ccggtcatcg 

cittcaatggc 

attggagggit 

ct cattgtac 

ggtcatCcag 

ttacgtagaa 

actaccattt 

catc.ttgatc 

gttaatcc ta 

tggagcaatg 

gcaaat atta 

ttgattatcq 

ttcaggaagt 

gcgc.cggaat Ctggctagoc 

cagtaataat cotcggagtc 

tittggaga at Cacatggctt 

ttittgggttg ccttgtcgga 

aac caagtag agctitat citt 

gagttcagag at cittataaa 

gcc ctgaact aaatcagaga 

c cattcaatc tdgttgctgc 

cittattggat aagtic ccata 

accaaaacac tttgttgttac 

agg tagattg gttaaaag.cg 

tctacattat cqggtgctgc 

acalagcaggg ttatacttga 

Val Tyr Lieu. 
7s 

Thir Lieu. Phe 
90 

Pro Gly Arg 
105 

Lieu. Arg Glu 

Cys Ile Lieu. 

Lieu. Asp Tyr 
155 

Llys Pro Pro 
17O 

Gly Asp Cys 
185 

Cys Asp Ala 

Arg Llys Lieu. 

Val Tyr Ala 
235 

His Pro Tyr 
250 

Arg Trp Asp 
265 

Leu Tyr 

iana 

ataaact tca 

ataggaacag 

tta at cost ct 

cittgttgttt 

tittatttaca 

gagtatagtic 

tgggaaagga 

tacactittgg 

aagcc cc caa 

gatatgtctg 

acttgttgatt 

gatat ctitt c 

gcatt cogta 
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- Continued 

Wall Wal Met Ile Phe 

Gly 

Ile 

Arg 

Ser 
14 O 

Phe 

Thir 

Phe 

Ser 
22O 

Ala 

His 

Lell 

Wall 
125 

Ser 

Glin 

Ala 

Arg 

Lys 

Wall 

Gly 

Pro 

Wall 

Lys 
11 O 

Arg 

Trp 
19 O 

Ala 

Wall 

Ser 

Trp 
27 O 

t caccgt.cct 

taaact catg 

tagtgggtct 

acttaatcgc 

tggittaccat 

ttcaagattit 

titcgtacttg 

citcaagattit 

caaaatgtgg 

Ctgatatgga 

cittgtaaagc 

tact cittggc 

atgcggaaac 

Wall. Thir 
95 

Glu Tyr 

Asp Pro 

Thr Cys 

Asp Met 
160 

Thr Tyr 
17s 

Asn. Asn 

Gly Val 

ASn Ile 

24 O 

Asp Asp 
255 

Trp Arg 

c ct ct coatt 

cgt caagctt 

cgctggttt C 

catgct tatt 

aagaggctict 

Ctctggttgg 

tittgagtaca 

cittcaatgct 

att Cacattt 

ttgtctaaat 

cggcttgctic 

gcttatcgga 

tgaggatatt 

6 O 

12 O 

18O 

24 O 

3OO 

360 

48O 

54 O 

660 

72 O 

810 

40 



<210 SEQ ID NO 15 
<211 LENGTH: 269 
&212> TYPE : PRT 

41 

<213> ORGANISM: Arabidopsis thal 

<4 OO SEQUENCE: 15 

Met Pro Leu. 
1. 

Lieu. Luell Ser 

Thir Wall Asn 
35 

Gly Val Lieu. 
SO 

Trp Arg Ile 
65 

Lieu. Ile Wall 

Ile Arg Gly 

Ser Lieu. Glin 
115 

13 O 

Pro Glu Lieu. 
145 

His Lieu. Asp 

Gly Phe Thr 

Ser Ala Asp 
195 

Cys Tyr Thr 
21 O 

Val Asp Trp 
225 

Lieu. Ile Ile 

Thr Glu Asp 

Ser Asn. Asn. Wall Ile 
5 

Ile Pro Val Ile Gly 

Ser Cys Val Llys Lieu 
4 O 

Ile Lieu. Lieu Val Gly 
55 

Thir Trp Lieu. Leu Val 
70 

Lieu. Lieu. Gly Cys Lieu 
85 

Ser Gly His Pro Glu 

Asp Phe Ser Gly Trp 
12 O 

Glu Arg Ile Arg Thr 
135 

Asin Glin Arg Tyr Thr 
150 

Pro Ile Glin Ser Gly 
1.65 

Phe Wall Asn. Pro Thr 
18O 

Met Asp Cys Lieu. Asn 

Cys Asp Ser Cys Llys 
215 

Lieu Lys Ala Asp Ile 
23 O 

Val Tyr Ile Ile Gly 
245 

Ile Phe Arg Llys Tyr 
26 O 

<210 SEQ ID NO 16 
<211 LENGTH: 813 
&212> TYPE : DNA 

iana 

Gly Cys Ile 
1O 

Ala Gly Ile 
25 

Lieu. Glin Trp 

Lieu Ala Gly 

Val Tyr Lieu. 
7s 

Val Gly Phe 
90 

Pro Ser Arg 
105 

Lieu. Arg Arg 

Cys Lieu. Ser 

Lieu Ala Glin 
155 

17O 

Tyr Trp Ile 
185 

Trp Ser Asn 

Ala Gly Lieu. 

Phe Lieu. Lieu 
235 

Cys Cys Ala 
250 

Lys Glin Gly 
265 

<213> ORGANISM: Arabidopsis thaliana 

<4 OO SEQUENCE: 16 

atggcgittag 

c caataacgg 

atcggcgc.ct 

ttgatcggac 

tcgitat cqgg 

Cttaaggaga 

cgaataactt 

cgt caggt at 

acaagtacaa 

ttittgctggit 

titc.cggg tag 

acgttgttgga 

aacggcgata 

atggctagot 

ggaaacticta 

ggttcttata 

aggittataaa 

titccaagaac 

Ctcaacttac 

tcaaa.gc.cag 

ct catcc tog 

Ctggcggittt 

tittgcattcq 

gagtataggc 

tggggalaggc 
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Asn 

Trp 

Pro 

Phe 
60 

Ile 

Ile 

Ala 

Arg 

Thir 
14 O 

Asp 

Pro 

Ser 

Asp 

Lell 

Lell 

Phe 

Phe 

Lell 

Wall 
45 

Ile 

Ala 

Wall 
125 

Thir 

Phe 

Pro 

Pro 

Glin 

Ala 

Ala 

Arg 

Thir 

Ile 

Ala 
3 O 

Ile 

Gly 

Met 

Met 

Luell 
11 O 

Glin 

Thir 

Phe 

Thir 

Ile 
19 O 

Asn 

Asn 

Luell 

Asn 

tagcgttact 

acaacgagtg 

tcqtctic cqc 

acttgttgctg 

tcgtgaccc.g 

ttgaagggitt 

taagggcttg 

Thir Wall 
15 

Ile Gly 

Ile Lieu. 

Gly Phe 

Lieu. Ile 
8O 

Wall. Thir 
95 

Glu Tyr 

Arg Ser 

Ile Cys 

Asn Ala 
160 

Lys Cys 
17s 

Asp Met 

Thir Lieu. 

Ile Llys 

Ile Gly 
24 O 

Ala Glu 
255 

ctgttccata 

tgtcaat ct c 

cacaggcttic 

tatggcgata 

gcc.cgatgga 

Ctcgaattgg 

tittggctgat 

6 O 

12 O 

18O 

24 O 

3OO 

360 

42 



actaatgttt 

tctaagat.ca 

tttgttgaacc 

titatggagca 

ttgggaalacc 

gttct catat 

citct tcc.gca 

Met 
1. 

Lell 

Pro 

Gly 

Lys 
65 

Lell 

Arg 

Arg 

Pro 
145 

Ser 

Met 

Lell 

Arg 
225 

Wall 

Glin 

gtc.ctaaact 

cit cottctgca 

caacactgtg 

atgaccaaag 

ttagaaaaga 

gggtttatgt 

aatacaaa.ca 

SEO ID NO 17 
LENGTH: 270 
TYPE : 
ORGANIS 

PRT 

SEQUENCE: 17 

43 

caaccaagaa 

gtc.cggctgc 

gctaaatcca 

c cagotttgt 

atggcgtaaa 

tattgcttgt 

aggttgggtc 

Arabidopsis thal 

Ala Lieu Ala Asn. Asn Lieu. Thr 

Cys 

Asp 

Wall 
SO 

Ile 

Pro 

Luell 

Asn 
13 O 

Gly 

Ala 

Cys 
21 O 

Luell 

Thir 

Ser 

Asn 
35 

Luell 

Gly 

Asp 

Glu 
115 

Trp 

Luell 

Ile 

Ala 
195 

Glu 

Ile 

Glu 

Ile Pro Ile Thir Ala 

Glu Cys Val Asn Lieu. 
4 O 

Ile Leu Wal Wal Ser 
55 

Glu Thir Lieu. Lieu. Ala 
70 

Lieu Lleu Lieu Wal Wall 
85 

Gly Ser Tyr Arg Val 

Gly Phe Ser Asn Trp 
12 O 

Gly Arg Lieu. Arg Ala 
135 

Asn. Glin Glu Phe Ile 
150 

Thr Pro Leul Glin Ser 
1.65 

Asn. Phe Wall Asn. Pro 
18O 

Asp Ala Asp Cys Tyr 

Asn. Cys Asn. Ser Cys 
215 

Trp Arg Lys Ala Asn 
23 O 

Trp Val Tyr Val Ile 
245 

Asp Lieu. Phe Arg Llys 
26 O 

<210 SEQ ID NO 18 
<211 LENGTH: 816 

&212> TYPE: DNA 

<213> ORGANISM: Arabidopsis thaliana 

ttcat caccg 

tgcaaac cac 

accalatatgg 

tacaattgca 

gcaaatctoa 

agcgc.gttta 

taa 

iana 

Ala Ile Lieu. 
1O 

Ser Gly Ile 
25 

Lieu. Arg Trp 

Ala Thr Gly 

Val Tyr Lieu. 
7s 

Lieu. Ile Phe 
90 

Pro Gly Arg 
105 

Lieu Lys Glu 

Cys Lieu Ala 

Thir Ala Asp 
155 

Gly Cys Cys 
17O 

Thr Lieu. Trp 
185 

Lieu. Trp Ser 

Lys Ala Gly 

Lieu. Ile Lieu 
235 

Ala Cys Ser 
250 

Tyr Lys Glin 
265 

US 7,402,732 B2 
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ccgat cagtt cittct cotcc 

caa.ccgcatg tdgct acaac 

Ctgcagacgc 

act catgcaa 

tactitat Cat 

ggaatgctica 

Asn 

Trp 

Pro 

Phe 
60 

Ala 

Gly 

Asn 

Asp 
14 O 

Glin 

Lell 

Asn 

Lell 
22O 

Ile 

Ala 

Gly 

Lell 

Lell 

Wall 
45 

Ile 

Phe 

Wall 
125 

Thir 

Phe 

Pro 

Asn 

Asp 

Lell 

Ile 

Phe 

Trp 

Luell 

Ala 
3 O 

Wall 

Gly 

Met 

Wall 

Lys 
11 O 

Wall 

Asn 

Phe 

Pro 

Pro 
19 O 

Glin 

Gly 

Thir 

Arg 

Wall 
27 O 

agactgttac 

agctggttta 

cacagtc.gtt 

gactgaggat 

Ala Lieu 
15 

Ser Lys 

Wall Lieu 

Ala Tyr 

Ala Ile 
8O 

Wall. Thir 
95 

Glu Tyr 

Asp Ser 

Val Cys 

Ser Ser 
160 

Thir Ala 
17s 

Thir Asn 

Ser Glin 

Asn Luell 

Wall Wall 
24 O 

Asn Ala 
255 

54 O 

660 

72 O 

813 

44 



<4 OO SEQUENCE: 18 

atgttt coag titagcaatitt 

gctt.cggc.ca 

tctgcc attc 

ggagtgattg 

tttggggg.ca 

ggagc.cggtc 

acgtggctta 

gaggctaacg 

tat cacaaga 

titcgagttca 

gaaaacgggg 

gcatgcaaag 

aacatttgtc 

aacaatcgga 

ttggittatt c 

ggataccact 

gat cittgttt 

ttgttgcatt 

atgggttcgt. 

tttgttgatga 

acttgttct co 

gaaacg.cgac 

actgtggtac 

cgggtgttgtt 

t cott catt ct 

cggctaggaa 

<210 SEQ ID NO 19 
<211 LENGTH: 271 
&212> TYPE : 

<213> ORGANISM: Arabidopsis 
PRT 

<4 OO SEQUENCE: 19 

Met 
1. 

Met 

His 

Thir 

Ser 
65 

Phe 

Wall 

Glu 

Gly 

Cys 
145 

Ser 

Ser 

Ser 

Phe Arg Val Ser 

Luell 

Glin 

Thir 
SO 

Gly 

Thir 

Tyr 

Lys 
13 O 

Asp 

His 

Asp 

Asn 
21 O 

Wall 

Gly 
35 

Gly 

Phe 

Gly 

Asn 

Arg 
115 

Arg 

Asp 

Asn 
195 

Wall 

5 

Gly Ala 
2O 

Wall. Thir 

Lieu. Ile 

Lys Glu 

Ile Wall 
85 

Lys Gly 
1OO 

Thir Wall 

Trp Val 

Luell Ser 

Asn Lieu. 
1.65 

Asn. Phe 
18O 

Glu Thir 

Gn. Thir 

Asn 

Ser 

Asp 

Lell 

Asn 
70 

Ala 

Ala 

Asp 

Gly 

Asp 
150 

Ser 

Glu 

Ala 

Glu 

45 

Phe 

Ala 

Phe 
55 

Lell 

Lell 

Gly 

Phe 

Ile 
135 

Gly 

Pro 

Phe 

Wall 

Lell 
215 

Catggttggt Ctagdaaa.ca 

gatttacatgttcgttcacc 

t ct cacgacc ggact catcc 

Caaggaga at ttggcaatgg 

gatgattittc. tccatatttic 

cggtcgaggg tataaagagt 

tggtgggaag agatgggttg 

tittgagtgat ggtcgtgtta 

catcCagt caggttgttgta 

gttctggata cc.gc.cgagca 

gtggagcaac gtgcaaacag 

agc galacata agagagaagt 

cct cataacc gtctatt cot 

aagtgattct gtctga 

thaliana 

Met Val Gly Lieu. 
1O 

Ile Gly Tyr Ser 
25 

Glu Ser Ala Ile 
4 O 

Lieu Wal Ser Lieu. 

Ala Met Wal Ser 
7s 

Met Ile Phe Ser 
90 

Arg Val Val Ser 
105 

Ser Thir Trp Leu 
12 O 

Arg Ser Cys Lieu 

Arg Val Ser Glin 
155 

Ile Glin Ser Gly 
17O 

Arg Asn Ala Thr 
185 

Ala Glu Asn Gly 
2OO 

Cys Phe Asn Cys 
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cattggtgat 

aaggcgt cac 

tottcttggit 

titt cotact t 

tottctttgt 

accggacggit 

ggatalaggt c 

gtcagat.cgc 

agccaccatc 

aaaacgaaac 

agittatgttt 

ggaggaatct 

Ala 

Ile 

Arg 

Lell 
60 

Ile 

Gly 

Asn 

Ala 
14 O 

Ile 

Phe 

Asp 

Asn 
22O 

Asn 

Ile 
45 

Gly 

Lell 

Phe 

Arg 

Gly 
125 

Glu 

Ala 

Trp 

Cys 
2O5 

Ala 

Thir 

Met 
3 O 

Pro 

Wall 

Ile 

Luell 

Gly 
11 O 

Phe 

Ala 

Asp 

Ile 
19 O 

Gly 

gttagtgggc 

tgattgttgaa 

gtc.tttgctic 

gat catattg 

gaccaacaaa 

ggatttcticg 

ttgtttggct 

tgatgcgttt 

ggattgcaac 

ggcagttgcg 

caactgcaac 

tottgttitt c 

tgctcgt.cgt. 

Lieu Wall 
15 

Phe Wall 

Lieu. Luell 

Ile Gly 

Ile Lieu. 
8O 

Phe Phe 
95 

Tyr Lys 

Val Gly 

Asn. Wall 

Ala Phe 
160 

Pro Pro 
17s 

Pro Pro 

Thir Trp 

Lys Ala 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

816 

46 



Gly Val Lieu Ala Asn 
225 

Asn. Ile Cys Lieu. Lieu. 

Cys Ala Arg Arg Asn 

47 

Ile Arg Glu 
23 O 

245 

26 O 

<210 SEQ ID NO 2 O 
&2 11s LENGTH: 705 
&212> TYPE: DNA 

<213> ORGANISM: Arabidopsis thaliana 

<4 OO SEQUENCE: 2O 

atgagcaata cagtgatagg 

ttaggat cag 

c cacttittga 

tgttgttgacg 

gCact catgg 

gtcgatggta 

agggtgg tag 

tgttccaa.gc 

cagotgttta 

gctt.ccctta 

ttgttctott 

ctic tatggat 

t cittaggc ct 

tggcttgggit 

gtttgaccitt 

gggtttataa 

a tactaatta 

tcqctic tittg 

Ctgtgttggc 

tggacgttac 

ttctaatgca 

ggtggCatgg gagagat.cgg 

Met 
1. 

Ser 

Thir 

Ile 

Ala 
65 

Ala 

Gly 

Ala 

Wall 

Ala 
145 

SEQ ID NO 21 
LENGTH: 234 
TYPE : 

ORGANISM: Arabidopsis thal 
PRT 

SEQUENCE: 21 

Ile Lieu. Lieu 

Asn Arg Thr 

attcttgaat 

ggg taggagc 

agctatottg 

Cttgttgggtg 

gtttggattic 

agagtttalag 

ttgggittact 

gactic ct citt 

tgttgcgcgt. 

ggcatgtc.ca 

acaattattt 

tattagtgaa 

Ser Asn Thr Val Ile Gly Phe 

Ile 

Luell 
SO 

Trp 

Luell 

Gly 

Thir 
13 O 

Luell 

Wall 

Glu 
35 

Ile 

Wall 

Met 

Wall 

His 
115 

Ile 

Trp 

5 

Lieu. Lieu. Gly Ser Ala 

His Phe Lieu Gln Lys 
4 O 

Lieu. Ser Val Ala Gly 
55 

Lieu. Trp Val Tyr Lieu 
70 

Gly Lieu. Thir Lieu Phe 
85 

Val Val Asp Gly Arg 

Pro Trp Leu Lys Thr 
12 O 

Llys Thr Cys Lieu. Lieu 
135 

Thr Pro Leu Asp Tyr 
150 

Llys Trp Arg 
235 

Ile Thir Wall 
250 

Ala Arg Llys 
265 

atcCtalacac 

aaaacga cat 

atc.ttgtcag 

tacct cit tot 

at agtgacta 

cittgaag cat 

ataaagacitt 

gattatctoc 

ttaaaaacgc 

aatccagacc 

t tatt at titt 

aaatattitat 

iana 

Lieu. Asn. Ile 
1O 

Leu Trp Met 
25 

Pro Luell Luell 

Lieu Val Gly 

Phe Phe Met 
7s 

Gly Phe Ile 
90 

Val Tyr Lys 
105 

Arg Val Val 

Gly Ser Val 

Lieu. Glin Lys 
155 

US 7,402,732 B2 

- Continued 

Asn Lieu. Lieu Val Phe 
24 O 

Tyr Ser Cys Gly Cys 
255 

Ser Asp Ser Val 
27 O 

taatt to ct c 

gcgagcattt 

tagctggtct 

t catggit citt 

gcc at agtgg 

atcaccc.ttg 

gtc.tcttggg 

aaaaagacitt 

caaacgc cct 

tggatgggaa 

cgcggcatgt 

gttaa 

Lell 

Gly 

Ile 

Ala 
60 

Wall 

Wall 

Glu 

Asp 

Thir 
14 O 

Asp 

Thir 

Arg 

Lell 
45 

Phe 

Thir 

Phe 

Thir 
125 

Lell 

Luell 

Ser 
3 O 

Gly 

Ile 

Ser 

Lys 
11 O 

Asn 

Ser 

Ser 

catagttcta 

t ctitcagaag 

agt cq9tgca 

cat catagt c 

tggtgtggitt 

gct talagaca 

cticagt cact 

atc. tcc tott 

caa.cattacg 

cagtCctggit 

aggtoaaggt 

Ile Ser 
15 

Lys Thr 

Lieu Ala 

Asp Wall 

Ile Wall 
8O 

His Ser 
95 

Lieu. Glu 

Llys Lieu. 

Pro Leu 
160 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

48 



Glin 

Lell 

Asp 

Lell 

Glu 
225 

Luell 

Asn 

Luell 

Phe 
21 O 

Ile 

Phe 

Ile 

Asp 
195 

Luell 

Gly 

49 

Thir Wall Lieu Ala Wall 
1.65 

Thir Ala Ser Leu Met 
18O 

Gly Asn Ser Pro Gly 

Leu Phe Ser Arg His 
215 

Ile Ser Glu Lys Tyr 
23 O 

<210 SEQ ID NO 22 
&2 11s LENGTH: 795 
&212> TYPE: DNA 

<213> ORGANISM: Arabidopsis thaliana 

<4 OO SEQUENCE: 22 

atgctc.cggc taa.gcaacgc 

citcgcc.gctic 

titcgttcaaa 

cittatcgctg 

citct coat to 

gccggaaaag 

tggat.cggga 

gattictaggg 

tctaatgtac 

gccacgtggit 

tggagtaa.ca 

aaagggataa 

gtcgtttitt c 

cgc.cggttct 

Met 
1. 

Ala 

Glin 

Thir 

Lell 
65 

Lell 

Thir 

Luell 

Luell 

Gly 

Ala 
SO 

Ser 

Asn 

Arg 

Ile 

Pro 
35 

Ala 

Gly 

Ile 

Pro 

tat cittitt to 

accotctoat 

citct citacgg 

ttctgcttct 

cgittatcc.gg 

accatt to ct 

tttgtaaaag 

agtttggttg 

gga cagttcc 

cgcagaga.ca 

gaaaaagatg 

titt act cqtg 

totala 

SEQ ID NO 23 
LENGTH: 264 
TYPE : 

ORGANISM: Arabidopsis thaliana 
PRT 

SEQUENCE: 23 

cgc.cgtaata 

cgt.ctacgt.c 

tgtaactg.cg 

tagccacatc 

tgtccitct ct 

tagaggaata 

togtgggaag 

gtttggtc.ca 

ttgtcgacct 

tgccacagcg 

gttatgttac 

gaggatactt 

Lieu. Ser Asn Ala Ala 
5 

Gly Lieu Ala Ala Lieu. 

Ser Glin Cys Glin Arg 
4 O 

Lieu Lleu Phe Phe Ile 
55 

Ser His Ile Ile Ile 
70 

Lieu Lleu Lleu Lleu Wall 
85 

Thir Ala Gly Lys Ala 

Ala Arg Lieu. 
17O 

Asp Val Thr 
185 

Lieu. Phe Ser 

Val Gly Glin 

Lieu. Cys 

acaac caatg 

tacgttcaag 

gct ct cotct 

atcat Cacac 

gtc.tttatct 

ggcaatgtca 

aattgggaag 

cgtgacattg 

cc.cgtagaat 

act acggcga 

gcgtgcgagt 

attgtcgt.ca 

gtgagaaaga 

Wall Ile Thr 
1O 

Ser Phe Ser 
25 

Phe Wall Glin 

Ser Ser Lieu. 

Thr Lieu. Tyr 
7s 

Lieu. Ser Wall 
90 

Lieu. Ser Gly 
105 
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Lys 

Ala 

Phe 

Gly 
22O 

Thr Pro Asn Ala 

Cys 

Lell 
2O5 

Gly 

Pro 
19 O 

Met 

Gly 

caattct cqc 

gcc catcaca 

tott cat citc. 

t citat ct citt 

t cct cqt cac 

agaccggaga 

ggat Caccala 

actittgactic 

gtgggttcga 

ttatagggga 

cgtgtaagat 

at ct cottct 

acaatcqtgt 

Thir 

Wall 

Asn 

Gly 
60 

Lell 

Phe 

Arg 

Asn 

Pro 
45 

Lell 

Phe 

Ile 

Gly 

Ala 

Wall 
3 O 

Luell 

Ile 

Phe 

Phe 

Ile 
11 O 

17s 

Asn. Pro 

Glin Glin 

Met Gly 

attgatcggc 

gtgtcaacgt 

gtc.ct taggc 

citt cottt to 

gaatc.ccacc 

titat cagaac 

atgtttgtct 

caaacatect C 

atcaaagaat 

ttgtaaggca 

tggagttitta 

tat cott ct c 

tccatggaag 

Ile Lieu. 
15 

Tyr Val 

Ile Wall 

Ala Ala 

Lieu. Phe 
8O 

Lieu Wall 
95 

Gly Asn 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

79. 

50 
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Val Llys Thr Gly Asp Tyr Glin Asn 
115 12 O 

Gly Lys Asn Trp Glu Gly Ile Thr 
13 O 135 

Cys Lys Arg Phe Gly Pro Arg Asp 
145 150 

Ser Asn Val Glin Phe Gly Cys Cys 
1.65 

Glu Ser Lys Asn Ala Thir Trp Trp 
18O 

Ala Ile Ile Gly Asp Cys Lys Ala 
195 

Cys Tyr Ala Cys Glu Ser Cys Llys 
21 O 215 

Lys Arg Trp Arg Ile Lieu. Ile Val 
225 23 O 

Val Val Phe Leu Tyr Ser Cys Gly 
245 

Val Pro Trp Lys Arg Arg Phe Phe 
26 O 

<210 SEQ ID NO 24 
<211 LENGTH: 654 
&212> TYPE: DNA 

Trp Ile Gly 

Lys Cys Lieu. 

Ile Asp Phe 
155 

Arg Pro Pro 
17O 

Thir Wall Pro 
185 

Trp Ser Asn 

Ile Gly Val 

Wall Asn Lieu. 
235 

Cys Cys Val 
250 

<213> ORGANISM: Arabidopsis thaliana 

<4 OO SEQUENCE: 24 

atgattgatt titc ctittgaa 

gtctitt accq tactggcgtt 

ttalagg taca aggagtataa 

alacaccagta actggataag 

ctitt coaaga aatacaagac 

gctggatgtt gtcgaccacc 

gactitgagct tt catt cqat 

actato aagt gctacaactg 

gagtggcgac ttgttgcgat 

cittago acga gatttgactic 

tccaacataa cctittaaaga 

<210 SEQ ID NO 25 
<211 LENGTH: 217 
&212> TYPE: PRT 

gtat cittgcc 

cattgtaa.ca 

gctgaatgat 

actaaagagt 

catcaaacag 

atctgagtgt 

aagttctaac 

tgatt cittgc 

cittcaatgtg 

tgaacaaagt 

ttgccaaacc 

<213> ORGANISM: Arabidopsis thal 

<4 OO SEQUENCE: 25 

Met Ile Asp Phe Pro Leu Lys Tyr 
1. 5 

Ile Ala Ile Lieu. Wall Phe Thir Wall 

Gly Ser Gly His Thr Asn Pro Gly 
35 4 O 

Asn Asp Tyr Ser Ser Trp Phe Leu 
SO 55 

gtgct Cotga 

aacaatggitt 

tacagct cat 

tgtc.ttgtta 

ttgaaatcc.g 

ggittatcCtg 

aaagattgta 

aaagctggag 

gtc.ctgtttg 

tittggcc titt 

acaacagtac 

iana 

Lieu Ala Wall 
1O 

Lieu Ala Phe 
25 

Lieu. Arg Tyr 

Lys Glin Lieu. 

US 7,402,732 B2 

- Continued 

Asn 

Ser 
14 O 

Asp 

Wall 

Ala 

Thir 

Lell 

Lell 

Arg 

His 
125 

Asp 

Ser 

Glu 

Thir 

Glin 

Lell 

Phe Lieu. Arg 

Ser Arg Val 

Llys His Lieu. 
160 

Cys Gly Phe 
17s 

Ala Thir Thr 
19 O 

Arg Glin Lieu 

Gly Ile Arg 

Ile Lieu. Lieu. 
24 O 

Asn Asn Arg 
255 

tcqttittgat cqcgatt citt 

ctggc catac taaccotggit 

ggtttctaaa acagottaac 

aatc.cgagca atgtcggaag 

cagaattaac ccc.gatagaa 

cggtgaatgc titct tactat 

agctttacaa gaatttgagg 

ttgct cagta catgaaaacc 

ttgtc.ttgat aagct ct citt 

taaacggittt agtgcaaatt 

caaaacagtt ttaa 

Lell 

Ile 

Asn 
60 

Lell 

Wall 

Glu 
45 

Asn 

Ile Wall Lieu. 
15 

Thir Asn. Asn 
3 O 

Tyr Lys Lieu. 

Thir Ser Asn 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

654 

52 
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Trp Ile Arg Lieu Lys Ser Cys Lieu 
65 70 

Lieu. Ser Lys Llys Tyr Llys Thir Ile 
85 

Thr Pro Ile Glu Ala Gly Cys Cys 

Pro Ala Val Asn Ala Ser Tyr Tyr 
115 12 O 

Ser Asn Lys Asp Cys Llys Lieu. Tyr 
13 O 135 

Tyr Asn. Cys Asp Ser Cys Lys Ala 
145 150 

Glu Trp Arg Lieu Val Ala Ile Phe 
1.65 

Ile Ser Ser Lieu Lleu Ser Thr Arg 
18O 

Lieu. Lieu. Asn Gly Lieu Val Glin Ile 
195 

Gln Thr Thr Thr Val Pro Lys Glin 
21 O 

<210 SEQ ID NO 26 
<211 LENGTH: 837 
&212> TYPE: DNA 

215 

<213> ORGANISM: Arabidopsis thal 

<4 OO SEQUENCE: 26 

atggcgagag ataaagaaga 

titt CCatt Cal acaccatttit 

tggttcgtag ccgt.catgac 

actic ccggaa tatt cataag 

gct tact tca aatccgattg 

titcgttgtcg tdtctaaag.c 

ttgttt Cotg ggaccalagat 

agattggt catcaaagacga 

gtttgtaa.ca ggctaalacca 

Cctata cagt cqggttgttg 

aataattgga cagtttcaag 

aattctgcag atacattatg 

gtacataata citt catttitc 

atcggcatga cc.ggttggitt 

<210 SEQ ID NO 27 
<211 LENGTH: 278 
&212> TYPE: PRT 

toaaaacaat 

cittgatctica 

attacattac 

cittct cattg 

t ct ctitt.cga 

aatctttgtc 

titatgagttt 

tgaatggitat 

talagatgc.ca 

Caaac Cacca 

at attataac 

citt cattgt 

cataa.cagtt 

tgcctggitta 

Val Lys Ser 
7s 

Lys Glin Lieu. 
90 

Arg Pro Pro 
105 

Asp Lieu. Ser 

Lys Asn Lieu. 

Gly Val Ala 
155 

Asn. Wal Wall 
17O 

Phe Asp Ser 
185 

Ser Asn. Ile 

Phe 

iana 

gagaatcctt 

agcgcaatct 

aggaccgatg 

cittgctatot 

atc. cact tot 

a tott to tact 

agg tacgagg 

cgtacaagga 

gct tctgagt 

ctitt catgtg 

aatttagaag 

gatt catgta 

a.ac.attatto 

aggat.cc titc 

<213> ORGANISM: Arabidopsis thaliana 

<4 OO SEQUENCE: 27 
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Glu Gln Cys Arg Llys 

Lys 

Ser 

Phe 

Arg 
14 O 

Glin 

Lell 

Glu 

Thir 

Ser 

Glu 

His 
125 

Thir 

Phe 

Glin 

Phe 
2O5 

Ala 

Cys 
11 O 

Ser 

Ile 

Met 

Wall 

Ser 
19 O 

caattgtc.ca 

t cct cqt cac 

aatgtaaccg 

c cct cactgg 

titat cit tott 

ataaggagac 

attacticagg 

gatgtcttgt 

tittat cagat 

gattgaatta 

ttgattgcaa 

aagctgtgat 

at atcatCtt 

gagaaagtica 

Glu Lieu. 
95 

Gly Tyr 

Ile Ser 

Lys Thr 
160 

Wall Lieu 
17s 

Phe Gly 

Asp Cys 

gaacatgtca 

agcc.gctitt c 

gttcgtcaca 

attctacgca 

Cttgttggatg 

caatcct aga 

atgggittagt 

taaggacaat 

gaatctaact 

cgaga aacca 

gagatggaac 

tattgctgat 

tagt citttgt 

gaaatag 

Met Ala Arg Asp Llys Glu Asp Glin Asn. Asn. Glu ASn Pro Ser Ile Val 
1. 5 1O 15 

Glin Asn. Met Ser Phe Pro Phe Asn. Thir Ile Phe Lieu. Ile Ser Ser Ala 
2O 25 3 O 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

837 
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Ile 

His 

Phe 
65 

Ala 

Phe 

Lell 

Glu 

Lys 
145 

Wall 

Met 

Thir 
225 

Wall 

Phe 

Lell 

Phe 

Tyr 
SO 

Ile 

Luell 

His 

Phe 
13 O 

Asp 

Asn 

Gly 

Asn 
21 O 

Luell 

His 

Ser 

Arg 

55 

Lieu Wall. Thir Ala Ala Phe 
35 4 O 

Arg Thr Asp Glu. Cys Asn 
55 

Ser Phe Ser Lieu. Lieu. Ala 
70 

Phe Llys Ser Asp Cys Lieu. 
85 

Trp Met Phe Val Val Val 

Lys Glu Thir Asn Pro Arg 
115 12 O 

Arg Tyr Glu Asp Tyr Ser 
135 

Asp Glu Trp Tyr Arg Thr 
150 

Asn Arg Lieu. Asn His Lys 
1.65 

Lieu. Thir Pro Ile Glin Ser 
18O 

Lieu. Asn Tyr Glu Lys Pro 
195 

Asn Lieu. Glu Val Asp Cys 
215 

Cys Phe Asp Cys Asp Ser 
23 O 

Asn. Thir Ser Phe Ser Ile 
245 

Lieu. Cys Ile Gly Met Thr 
26 O 

Glu Ser Gln Lys 
27s 

<210 SEQ ID NO 28 
<211 LENGTH: 816 
&212> TYPE: DNA 

<213> ORGANISM: Arabidopsis thaliana 

<4 OO SEQUENCE: 28 

atgggaac at tatggcact 

titcgtcct ct cacttacact 

gactgcgaag at attcticgg 

gcggtgtttgttgtcagdaa 

Cttgttggtga tiggtggtggit 

gtaaatgaga tigcaaa.gc.cg 

atggacgatc atgtgacctg 

aacgacct catttacggatc 

atcaagaatg gatgttgt at 

ttittgg taca gaagaaaaga 

gagatgatgg tgggalaggat 

tgctatgatt gtagat cittg 

tgttgaacatt 

cct cqgctac 

tctgccacgt. 

cgcagctctg 

cittgttgtta 

gcggtttc.cg 

gaacaat atc 

tccaaatgaa 

gccaccagag 

cgaaggacca 

tagcgactgt 

taagttcgga 

Trp Phe Val 

Arg Phe Val 

Met Ser Lieu. 

Phe Arg Ile 
90 

Ser Lys Ala 
105 

Lieu. Phe Pro 

Gly Trp Val 

Arg Arg Cys 
155 

Met Pro Ala 
17O 

Gly Cys Cys 
185 

Asn Asn Trp 

Cys Lys Ala 
235 

Thir Wall Asn 
250 

Gly Trp Phe 
265 

ttagcc.gctg 

gCagtgttggc 

gtc.ca.gacgc 

tttittgcggc 

atgcttitt.ca 

gcgacaagga 

aaatcgtgtg 

aaacCttaca 

acatgitaaca 

ccgt.cgt.cta 

Calactatgga 

tt cataagat 
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Ala Wall 
45 

Th Thir 
60 

Thr Gly 

His Phe 

Ile Phe 

Gly Thr 
125 

Ser Arg 
14 O 

Lieu Wall 

Ser Glu 

Llys Pro 

Thir Wall 
2O5 

Asn. Asn 
22O 

Wall Ile 

Ile Ile 

Ala Trp 

Met 

Pro 

Phe 

Phe 

Wall 
11 O 

Luell 

Phe 

Pro 
19 O 

Ser 

Ser 

Ile 

His 

Luell 
27 O 

gtgtc.ct tcc 

t tott tacat 

tagct agtgt 

ggaagtttcC 

tcggitttggc 

tgtggttcaa 

tctatgataa 

atagaagaaa 

tggacgcgat 

tgaac ctaat 

ggaacgattg 

cgg talaggag 

Thir Lieu. 

Gly Ile 

Tyr Ala 
8O 

Ile Phe 
95 

Ile Phe 

Ile Tyr 

Wall Ile 

Asp Asn 
160 

Tyr Glin 
17s 

Luell Ser 

Arg Tyr 

Ala Asp 

Ala Asp 
24 O 

Ile Ile 
255 

Arg Ile 

gat citt cact 

gcgtagctac 

cggtc.ttctic 

gatgcctgca 

gtatgc.cgga 

gct caaaatc 

aggagcttgc 

aatgccacca 

aaacg.cgacg 

gtacggtgat 

gag catttta 

galaatggtgg 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

56 



US 7,402,732 B2 
57 

- Continued 

cagotcggta t cittcttgat cqt catttico attcttctitc. tcatgtc.t.ca tot cittgat c 78O 

ttcttggcta Ctttittggga acgattcaag ggittag 816 

<210 SEQ ID NO 29 
<211 LENGTH: 271 
&212> TYPE: PRT 

<213> ORGANISM: Arabidopsis thaliana 

<4 OO SEQUENCE: 29 

Met Gly. Thir Lieu Met Ala Lieu Val Asn. Ile Lieu Ala Ala Gly Val Lieu. 
1. 5 1O 15 

Pro Ile Phe Thr Phe Val Lieu Ser Lieu. Thir Lieu. Leu Gly Tyr Ala Val 
2O 25 3 O 

Trp Lieu. Lieu. Tyr Met Arg Ser Tyr Asp Cys Glu Asp Ile Lieu. Gly Lieu. 
35 4 O 45 

Pro Arg Val Glin Thr Lieu Ala Ser Val Gly Lieu. Lieu Ala Val Phe Val 
SO 55 60 

Val Ser Asn Ala Ala Lieu. Phe Lieu. Arg Arg Llys Phe Pro Met Pro Ala 
65 70 7s 8O 

Lieu Val Val Met Val Val Val Lieu. Lieu. Lieu Met Lieu. Phe Ile Gly Lieu. 
85 90 95 

Ala Tyr Ala Gly Val Asn Glu Met Glin Ser Arg Arg Phe Pro Ala Thr 
1OO 105 11 O 

Arg Met Trp Phe Llys Lieu Lys Ile Met Asp Asp His Val Thir Trp Asn 
115 120 125 

Asn. Ile Llys Ser Cys Val Tyr Asp Llys Gly Ala Cys Asn Asp Lieu. Ile 
13 O 135 14 O 

Tyr Gly Ser Pro Asn Glu Lys Pro Tyr Asn Arg Arg Lys Met Pro Pro 
145 150 155 160 

Ile Lys Asn Gly Cys Cys Met Pro Pro Glu Thr Cys Asn Met Asp Ala 
1.65 17O 17s 

Ile Asn Ala Thr Phe Trp Tyr Arg Arg Lys Asp Glu Gly Pro Pro Ser 
18O 185 19 O 

Ser Met Asn Lieu Met Tyr Gly Asp Glu Met Met Val Gly Arg Ile Ser 
195 2OO 2O5 

Asp Cys Glin Lieu. Trp Arg Asn Asp Trp Ser Ile Lieu. Cys Tyr Asp Cys 
21 O 215 22O 

Arg Ser Cys Llys Phe Gly Phe Ile Arg Ser Val Arg Arg Llys Trp Trip 
225 23 O 235 24 O 

Glin Lieu. Gly Ile Phe Lieu. Ile Val Ile Ser Ile Lieu. Lieu. Lieu Met Ser 
245 250 255 

His Lieu. Lieu. Ile Phe Lieu Ala Thr Phe Trp Glu Arg Phe Lys Gly 
26 O 265 27 O 

<210 SEQ ID NO 3 O 
<211 LENGTH: 24 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: vector 
pSKIO15 

<4 OO SEQUENCE: 30 

gcggcagcgg C9gcaggata tatt 24 
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<210 SEQ ID NO 31 
<211 LENGTH: 24 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<4 OO SEQUENCE: 31 

tgctitt cqcc tataaatacg acgg 24 

<210 SEQ ID NO 32 
<211 LENGTH: 23 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<4 OO SEQUENCE: 32 

cgctg.cggac atctacattt ttg 23 

<210 SEQ ID NO 33 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<4 OO SEQUENCE: 33 

tcc.cggacat gaa.gc.cattt ac 22 

<210 SEQ ID NO 34 
<211 LENGTH: 16 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<221 NAMEAKEY: modified base 
<222> LOCATION: 1 and 11 
<223> OTHER INFORMATION: n represents a, g, c or t 
&220s FEATURE: 

<221 NAMEAKEY: modified base 
<222> LOCATION: 7 

<223> OTHER INFORMATION: s represents g or c 
&220s FEATURE: 

<221 NAMEAKEY: modified base 
<222> LOCATION: 8 and 13 
<223> OTHER INFORMATION: w represents a or t 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<4 OO SEQUENCE: 34 

ngtcgas Wiga naWgaa 16 

<210 SEQ ID NO 35 
<211 LENGTH: 278 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<221 NAMEAKEY: modified base 
<222> LOCATION: 13, 35, 73, 108, 156, 190, 198 and 201 
<223> OTHER INFORMATION: n represents a, g, c or t 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: PCR product 
from Arabidopsis thaliana 

<4 OO SEQUENCE: 35 

tgtggcaaac tongagtagg aatggaga at C Caan.cgttt gggtc.tttct Caaggaagaa 6 O 

agtgacgact gc.ncattgta ttgct cogala taalacacatc catgctgnta aagagaggitt 12 O 

atctggatag taggcagaga ttggalacct a gggttntgtt gaaacaaaac tdacatttct 18O 

60 
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tgtaagacan gaalacatnca incaacaaaaa gtttagacitt ttgatttatt taatgaagtt 

acctgaagta taa.gc.caaaa ggaccaacaa agagtgct 

<210 SEQ ID NO 36 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<4 OO SEQUENCE: 36 

cittcttcaat cat cac catg 

<210 SEQ ID NO 37 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<4 OO SEQUENCE: 37 

tagcttgaac C9gcgcaaat 

<210 SEQ ID NO 38 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<4 OO SEQUENCE: 38 

gtacgttitta gtaacagt ct 

<210 SEQ ID NO 39 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<4 OO SEQUENCE: 39 

gattagcagt gactaactico 

<210 SEQ ID NO 4 O 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<4 OO SEQUENCE: 40 

agcttgtaca tta accqtga ct 

<210 SEQ ID NO 41 
<211 LENGTH: 25 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<4 OO SEQUENCE: 41 

Ctgcagggtg atgattgaag aagat 

24 O 

278 

22 

25 

62 
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What is claimed is: 
1. A method for Screening for a transgenic plant, compris 

1ng 
introducing a recombinant vector into a plant, wherein the 

recombinant vector comprises a gene encoding a protein 
of the following (a) or (b): 
(a) a protein comprising the amino acid sequence repre 

sented by SEQID NO: 2: 
(b) a protein consisting of an amino acid sequence hav 

ing a Substitution, deletion or addition of one to ten 
amino acids relative to the amino acid sequence rep 
resented by SEQID NO: 2 and capable of imparting 
paraquat resistance; 

and wherein the recombinant vector further comprises a 
foreign gene or a foreign DNA fragment; and 

Screening for a transgenic plant on the basis of paraquat 
resistance as an indicator. 

2. The method of claim 1, wherein the screening for a 
transgenic plant comprises growing the plant in a paraquat 
containing medium. 

3. The method of claim 2, wherein the paraquat in the 
paraquat-containing medium is present at a concentration of 
between 0.1 and 3.0 uM. 

4. The method of claim 3, wherein the paraquat in the 
paraquat-containing medium is present at a concentration of 
3.0 uM. 

5. A method for imparting paraquat resistance to a plant, 
comprising 

introducing a recombinant vector into a plant, wherein the 
recombinant vector comprises a gene encoding a protein 
of the following (a) or (b): 
(a) a protein comprising the amino acid sequence repre 

sented by SEQID NO: 2: 
(b) a protein consisting of an amino acid sequence hav 

ing a Substitution, deletion or addition of one to ten 
amino acids relative to the amino acid sequence rep 
resented by SEQID NO: 2 and capable of imparting 
paraquat resistance; 

imparting paraguat resistance; and 
confirming paraquat resistance. 
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6. The method of claim 5, wherein paraquat resistance is 

confirmed by determining that the plant is capable of growing 
in the presence of paraquat. 

7. The method of claim 6, wherein the paraquat is present 
in a culture medium. 

8. The method of claim 7, wherein the paraquat is present 
at a concentration of between 0.1 and 3.0 uM. 

9. The method of claim 8, wherein the paraquat is present 
at a concentration of 3.0 uM. 

10. A method for screening for a transgenic plant, compris 
1ng 

introducing a recombinant vector into a plant, wherein the 
recombinant vector comprises a gene encoding a protein 
of the following (a) or (b): 
(a) a protein comprising the amino acid sequence repre 

sented by SEQID NO: 2: 
(b) a protein consisting of an amino acid sequence hav 

ing a Substitution, deletion or addition of one to ten 
amino acids relative to the amino acid sequence rep 
resented by SEQID NO: 2 and capable of imparting 
paraquat resistance; and 

screening for a transgenic plant on the basis of paraquat 
resistance as an indicator. 

11. The method of claim 10, wherein the screening for a 
transgenic plant comprises growing the plant in a paraquat 
containing medium. 

12. The method of claim 11, wherein the paraquat in the 
paraquat-containing medium is present at a concentration of 
between 0.1 and 3.0 uM. 

13. The method of claim 12, wherein the paraquat in the 
paraquat-containing medium is present at a concentration of 
3.0 uM. 

14. The method of claim 1, 5, or 10, wherein the plant is 
selected from Poaceae, Brassicaceae, Solanaceae, and Legu 
minosae. 

15. The method of claim 14, wherein the plant is a Brassi 
caceae, and the Brassicaceae is Arabidopsis thaliana. 

k k k k k 


